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RULES AND REGULATIONS FOR THE 
CLASSIFICATION OF NAVAL SHIPS, January 2011 


Notice No. 2 


This Notice contains amendments within the following Sections of the Rules and Regulations for the 
Classification of Naval Ships, January 2011. The amendments are effective on the dates shown: 


Volume Part Chapter Section Effective date 
1 q 2 1,2;3 1 January 2012 
| 1 3 2 1 January 2012 
1 3 5 8 1 January 2012 
2 1 2 3 Corrigendum 
2 | 2 4,5, 13 1 January 2012 
2 1 3 1,2 1 January 2012 
2 | 4 1 1 January 2012 
2 2 1 2,6, 7,9, 11, 15 1 January 2012 
2 2 2 7 1 January 2012 
2 4 1 7 1 January 2012 
2 4 2 Whole Chapter 1 January 2012 
2 4 4 t2°h,8 1 January 2012 
2 6 1 8 1 January 2012 
2 7 1 5, 11 1 January 2012 
2 7 2 1,10 1 January 2012 
2 7 3 1,2,3,4,8 1 January 2012 
2 7 4 2 1 January 2012 
2 7 5 11 1 January 2012 
2 8 1 18 1 January 2012 
2 9 1 1,2,6 1 January 2012 
2 10 q 1,6 to 21 1 January 2012 
2 11 1 2 1 January 2012 
2 11 2 2,3 1 January 2012 
3 2 3 3 Corrigendum 
3 3 1 1 1 January 2012 


It will be noted that the amendments also include corrigenda, which are effective from the date of this Notice. 


The Rules and Regulations for the Classification of Naval Ships, January 20117 are to be read in conjunction 
with this Notice No. 2. The status of the Rules is now: 


Rules for Naval Ships Effective date: January 2011 
Notice No. 1 Effective date: 1 January 2011 & Corrigenda 
Notice No. 2 Effective date: 1 January 2012 & Corrigenda 


Volume 1, Part 1, Chapter 2 


Volume 1, Part 1, Chapter 2 
Classification Regulations 


Effective date 1 January 2012 


fh Section 7 
Conditions for Classification 


11 Framework of Classification 


eSieeiell 


It is a requirement that where a vessel operates 
aircraft, it is classed in accordance with the requirements of 
the AIR notation defined in Pt 4, Ch 2,10 for the landing, 
manoeuvring and parking areas. 


1.1.12 It is a requirement that, where the vessel has fitted 
on board lifting appliances which are considered by LR to be 
essential for it to fulfil its primary operational role (e.g., aircraft 
lifts on aircraft carriers, landing platform dock stern ramp) and 
that there are no alternative means of operation, that it is 
classed in accordance with the requirements of the LA 
notation. The lifting appliance(s) are to be designed, built and 
surveyed in accordance with LR’s Code for Lifting Appliances 
in a Marine Environment (LAME). 


Existing paragraphs 1.1.12 and 1.1.13 have been 
renumbered 1.1.13 and 1.1.14. 


a Section 2 
Scope of the Rules 


2.2 Definitions 


2.2.10 


Operational envelope. The operational envelope 
will be provided by Lloyd’s Register as an Annex to the 
Classification Certificate and defines limits of the vessel’s 
service in terms of operational speeds, wave heights, 
displacements, service area and time required to seek refuge 
where this is required. 


2.2.14 Concept of operations. The concept of operations 
provides information with regard to the ship’s service in terms 
of purpose and function (including crewing), operational 
speeds, wave heights, displacements; service area, 
temperatures, motions, flight deck operations; normal and 
emergency arrangements and other information pertinent to 
the design of the ship and is to be provided by the Owner. 


3.4 


3.4.6 


(a) 


3.9 


Section 3 
Character of Classification and 
Class notations 


Ship type notations 


NS3 vessels 

For vessels being built to the NS3 notation, the following 
shall apply where the vessel is also being designed and 
built to comply with appropriate statutory regulations for 
the intended service of the vessel. 

LR is to be contracted to issue Statements of 
Compliance with the nominated statutory regulation. 
Appropriate statutory regulations may include, but are 
not limited to: 

(i) International Convention for the Safety of Life at 
Sea. 

(ii) Code of Safety for Special Purpose Ships (SPS 
Code). 

(iii) . UKMCA Small Commercial Vessel and Pilot Boat 
(SCV) Code or similar recognised regulation or 
National Standard. 

Vessels are to be certified for Intact and Damaged 
Stability, and Carriage of Munitions by a recognised 
Organisation. Other statutory requirements such as 
compliance with the International Convention for the 
Prevention of Pollution from Ships should also be issued 
by a recognised Organisation. 

Details of required certification are to be submitted to LR 
at the time of contracting. Form 2506 is to be used for 
this information. 

Where a vessel is so contracted, the following aspects 
of the Rules and Regulations for the Classification of 
Naval Ships will be exempted for the requirements of 
Classification: 

All requirements for a Naval Authority to agree the 
contents of: 

(i) Concept of Operations Document(s). 

(ii) Design Statements. 

(iii) | Other aspects as wherever referred to in the 
Rules are not applicable. 

The requirements of Vol 1, Pt 5, Ch 4,6.1.4 are to be 
complied with. 

The limits of the Operating Envelope to which the hull 
structure has been approved are to be displayed 
prominently in the wheelhouse. 

Where a vessel is to be classed using this approach, any 
exemptions are to be agreed by the Naval Authority and 
justified by using the approach set out in Vol 2, Pt 1, 
Ch 5, Requirements for Machinery and Engineering 
Systems of Unconventional Design. 


Other notations 


Volume 1, Part 1, Chapters 2 & 3 & Part 3, Chapter 5 


Existing paragraphs 3.9.3 to 3.9.23 have been renumbered 
3.9.1 to 3.9.21. 


Volume 1, Part, 1, Chapter 3 
Periodical Survey Regulations 


Effective date 1 January 2012 


a Section 2 
Annual Surveys — Hull, machinery 
and optional requirements 


2.3 Machinery 


2.3.14 For ships fitted with an electronically controlled 
engine for main propulsion, essential auxiliary aad 
or emergency power purposes, the following is to be carried 
out to the satisfaction of the Surveyor: 
(a) A-generatexaminatior-oHthe-ciectrenic_contretsyster 
-anclasseciated-parts- Verification of evidence of satis- 
factory operation of the engine and, where possible, this 
is to include a running test under load. 
5) 4s F : ; 
; we y ; 
testunderteac: 
fe}(b) Verification of satisfactory operation of the safety 
devices and control, alarm and monitoring systems. 


(c) Verification that any changes to the software or control, 
alarm, monitoring and safety systems that affect the 
operation of the engine have been assessed by LR and 
are under configuration management control. 


Volume 1, Part 3, Chapter 5 
Anchoring, Mooring, Towing, Berthing, Launching, Recovery and Docking 


Effective date 1 January 2012 


| Section 8 
Windlass and capstan design and 
testing 


8.3 Control arrangments 


8.3.10 Control systems for windlasses are to comply with 
the requirements of Vol 2, Pt 9, Ch 1,2. 


8.3.11 Windlass motors are to be protected against 
overload, overspeed and overpressure, using appropriate 
safety techniques suitable for the intended installation. 


8.5 Protection arrangements 


8.5.4 For arrangements of power transmission systems 
and relief requirements, see Vol 2, Pt 7, Ch 5,11.1.2. 


Volume 2, Part 1, Chapter 2 


Volume 2, Part 1, Chapter 2 
Requirements for Design, Construction, Installation and Sea Trials of Engineering Systems 


CORRIGENDUM 


ec Section 3 
Particulars to be submitted 


3.3 Calculations and specifications 


3.3.16 Schedule of testing and trials. Schedules of testing 
machinery at the manufacturers, pre-sea trial commissioning 
and sea trials are to be submitted to LR and agreed before 
commencement of testing and trials. The testing and trials 
schedules are to identify all modes of ship and machinery 
operation and the sea trials are to include typical port 
manoeuvres under all intended operating modes. Reference is 
also made to the following Rules: 
e ~§=6Vol 1, Pt 3, Ch 5, Section 8 — Windlass and capstan trials 
° Vol 2, Pt 1, Ch 2, Section 15 — Steering systems 
° Vol 2, Pt 1, Ch 2, Section 16 — Sea trials 
e §=6Vol 2, Pt 10, Ch 1, Section 20 21 — Electdeal Testing and 
trials 
° Vol 2, Pt 9, Ch 1, Section 6 — Control engineering trials 
Testing and trials are to be witnessed by an LR Surveyor 
unless an alternative arrangement is agreed in writing prior to 
the trials by the Surveyor. Reports of testing and trials are to 
be submitted to an LR Surveyor after completion. 


Effective date 1 January 2012 


a Section 4 
Operating conditions 


4.4 Ambient reference conditions 


4.4.1 The rating for classification purposes of main and 

essential auxiliary machinery intended for installation in naval 

sea-going ships to be classed for unrestricted (geographical) 

service is to be based on: 

e A total barometric pressure of 1000 mb. 

e ~=An engine room ambient temperature or suction air 
temperature of 45°C. 

e ~=—- A relative humidity of 60 per cent. 

e Sea-water temperature or, where applicable, the 
temperature of the charge air coolant at the inlet of 32°C. 

NOTE 

The eagae manufacturer is not expected to provide 

simulated ambient reference conditions at a test bed. 


| Section 5 
Machinery space arrangements 


5.6 Resin chocks 
5.6.3 Materials for chocking are to be approved for the 


maximum ambient operating temperature of the space in 
which they are installed. 


6-6-3 5.6.4 Where the Naval Authority has defined 
military requirements that include design and installation of 
machinery to withstand shock, the resin is to be approved for 
this application. 


a Section 13 
Water jet units 


13.1 Design 


For details of design requirements, see Pt 4, GA-3 


13.3 Testing 


Volume 2, Part 1, Chapters 3 & 4 


Volume 2, Part 1, Chapter 3 
Requirements for Fusion Welding of Pressure Vessels and Piping 


Effective date 1 January 2012 


> Section 7 
General 


1.1 Scope 


1.1.2 Fusion welded pressure vessels will be accepted 
only if manufactured by firms equipped and competent to 
undertake the quality of welding required for the Class of 
vessel proposed. +#e For Class 1, 2/1 and 2/2 pressure 
vessels, the manufacturer’s works are to be approved in 
accordance with the requirements specified in Materials and 
Qualification Procedures for Ships, Book A Procedure 
MQPS 0-4. 


a Section 2 
Manufacture and workmanship of 
fusion welded pressure vessels 


2.3 Tolerances for cylindrical shells 


Table 3.2.1 


Nominal internal 
diameter of vessel, 
inmm 


Difference between 
maximum and 
minimum diameters 


Tolerances for cylindrical shells 


Maximum 
departure from 
designed form 


< 300 
> 300 < 460 
> 460 < 600 
> 600 < 900 
> 900 < 42001220 
> 1220 < 1520 
> 1520 < 1900 


1,0 per cent of 
internal diameter 


1,2 
1,6 
2,4 
3,2 
4,0 
4,8 
5,6 


3.5 3°:3.-3)-3° 3 


> 1900 < 2300 
> 2300 < 2670 
> 2670 < 3950 


6,4 
7,2 
8,0 


33 


=| 


> 3950 < 4650 
> 4650 


Volume 2, Part 1, Chapter 4 
Spare Gear for Machinery Installations 


Effective date 1 January 2011 


rs Section 7 
General 


19mm 
0,4 per cent of 
internal diameter 


1.2 Guidance for spare parts 


1.2.1 


0,2 per cent of 
internal diameter 


For general guidance purposes, spare parts for 


main and auxiliary machinery installations are shown in the 
LR’s Spare Gear Guidance located on Class Direct Live. 


Volume 2, Part 1, Chapter 4 


Spare parts 


Ships for 
unrestricted 


restricted 
service 


Main bearings 


Main bearings or shells for one bearing of each size and type fitted, 
complete with shims, bolts and nuts 


Main thrust block 


Pads for one face of Michell type thrust block 
or 
Inner and outer race with rollers where roller thrust bearings are # 


Cylinder liner 


Cylinder liner complete with joint rings and gaskets 


Cylinder cover 


inder cover, complete with valves, joint rings and ggékets. For 
engines without covers, the respective valves for gfe cylinder unit 


Cylinder cover studs or bolts, with nuts, as apgk 
cylinder 


Cylinder valves 


Exhaust valves, complete with casings, seats, springs and other 
fittings for one cylinder 


inlet valves, complete with cagings, seats, springs and other 
ings for one cylinder 


ing air valve, comple 
ings 


with casing, seat, springs and other 


igder: two fuel injection valves complete per cylinder and a 
ficient number of valve parts, excluding the body, to provide, 
ith those fitted, a full engine set 


Connecting rod bearings 


Bottom end bearings or shells of each size and type fitted, complete 
with shims, bolts and nuts, for one cylinder 


Top end bearings or shells of each size and type fitted, complete with 
shims, bolts and nuts, for one cylinder 


Pistons 


Crosshead type, piston of each type fitted, complete with piston rod, 
stuffing box, skirt, rings, studs and nuts 


Trunk piston type, piston of each type fitted, complete with skirt, 
rings, studs, nuts, gudgeon pin and connecting rod 


Piston ring 


Piston rings, for one cylinder 


Telescopic cooling pipes and fittings or their equivalent, for one 
cylinder unit 


Volume 2, Part 1, Chapter 4 


Spare parts i Ships for 
restricted 
service 


Gear and chain for camshaft drives Chain drive: separate links with pins and rollers of each size and type 
fitted 


Bearing bushes of each type fitted 


Cylinder lubricators Lubricator complete, of the largest size, with its chain dri 
wheels 


Fuel injection pumps Fuel pump complete, or, when replacement at sg4 is practicable, a 
complete set of working parts for one pumpplunger, sleeve, 
valves, springs, etc.) 


Fuel injection piping High pressure fuel pipe of each size afd shape fitted, complete with 
couplings 


Scavenge blowers (including Rotors, rotor shafts, bearings, nozzle rings and gear wheels or 
urbo-chargers) equivalent working pagé& if of other types 


fat the Enginebuilder’s Works, or during sea trials, for 
the type concerned, that the engine can be 


ning with one blower out of action as demonstrated, are to be 
available on board 


Scavenging system Suction and delivery valves for one pump of each type fitted 


Reduction and/or reverse gea Complete bearing bush, of each size fitted in the gearcase assembly 


Roller or ball race, of each size fitted in the gearcase assembly 


Main engine-drivexair compressors Piston rings of each size fitted 


Suction and delivery valves complete of each size fitted 


S$ and packings Special gaskets and packings of each size and type fitted for cylinder 
covers and cylinder liners for one cylinder 


Volume 2, Part 1, Chapter 4 


Spare parts i Ships for 
i restricted 
service 


Main bearings Main bearing or shells for one bearing of each size and type fitted, 
complete with shims, bolts and nuts 


Cylinder valves Exhaust valves, complete with casings, seats, springs and othé 
fittings for one cylinder 


Air inlet valves, complete with casings, seats, springs“and other 
ittings for one cylinder 


Starting air valve, complete with casing, seg springs and other 
ittings 


valve, complete 


injection valves of each size and type fitted, complete with all 
ittings, for one engine 


Connecting rod bearings om end bearing or shells of each size and type fitted, complete 
ith shims, bgffs and nuts, for one cylinder 


dnk piston type: gudgeon pin with bush for one cylinder 


Piston rings Piston rings, for one cylinder 


Piston cooling Piston cooling fittings, for one cylinder unit 


Fuel injection pumps Fuel pump complete, or, when replacement at sea is practicable, a 
complete set of working parts for one pump (plunger, sleeve, valve 
springs, etc.) 


Fuel injection piping High pressure fuel pipe of each size and shape fitted, complete with 
couplings 


Yéts and packings Special gaskets and packings of each size and type fitted, for cylinder 
covers and cylinder liners for one cylinder 


Spare parts Ships for Ships for 
unrestricted | restricted 
service service 


Main bearings Complete bearing bush, of each size and type*fitted, for the rotor, 
pinion and gear wheel shafts, for ons-éngine 


Turbine thrust Pads of each size for one fae€ of Michell type thrust, or rings for 
turbine adjusting Dleck, of each size for one engine 


Main thrust block 
or 
Inner and outer race with rollers where roller thrust bearings are fitted 


Turbine shaft sealing ring Carbon sealing rings, where fitted, with springs, for each size and 
type of gland, for one engine 


Disposable filter elements of each type and size fitted 


Volume 2, Part 1, Chapter 4 


Spare parts Ships for Ships for 
unrestricted | restricted 
service service 


Main bearings Complete bearing bush, of each sizend type fitted, for the rotor, 
pinion and gear wheel sbatts, for one engine 


Turbine thrust 


orted liners for one block where fitted 


Turbine shaft sealing rings Carbon sealing rings, where fitted, with springs, for each size and 
type of gland, for one engine 


Disposable filter elements of each type and size fitted 


Number 


Ships for Ships for 
unrestricted | restricted 
service service 


Piston rings Rings, of each size fitted, for one piston 


Valves Suction and delivery valves, complete, of each size fitted 


fTumber 


Spare parts Ships for Ships for 
unrestricted | restricted 
service service 


Tube stoppers or plugs Tube stoppers or plugs, of each size used, for boiler, superheater and 
economiser tubes 10 


Oil fuel burners Oil fuel burners coraplete or a complete set of wearing parts for the 
1 set 1 set 


Gauge glasses auge glasses of round type 2 sets 2 sets 
per boiler per boiler 


1 set 1 set 
Gauge glasses of flat type for every for every 
two boilers | two boilers 


Volume 2, Part 1, Chapter 4 & Part 2, Chapter 1 


Spare parts Ships for Ships for 
unrestricted | restricted 
service service 


Reduction gear Complete bearing bush of each size fittec-tor the pinion(s) and gear 
wheel shaft for one turbine 


Oil fuel burners Oil fuel burners complet& or a complete set of wearing parts for the 
burners, for o#éturbine 


Igniters J-s6t for one turbine 


Oil filters Disposable filter elements of each size and type fitted 


Oil fuel metering Fuel metering unit complete 


Te manufacturer’s recommended spares for each installation in addition to the above 


Volume 2, Part 2, Chapter 1 
Diesel Engines 


Effective date 1 January 2012 e — Air induction. 
; ° Exhaust. 
a Section 2 e — Engine mounting. 
Particulars to be submitted * — Control and monitoring. 


° Electrical power supplies. 

e — Hydraulic oil (for valve lift). 

It is not necessary to consider failure modes relating to the 
engine components. 


2.1 Plans and information 


(Part only shown) 
2.1.1 At least three copies of the following plans are to 


be submitted for consideration: 26 Bao) Plans and details for dead ship condition 


starting arrangements are to be submitted for appraisal, see 


manufacturing precesses-_and-quality control srece- real 
e Additionally, for mass produced engines: 
(a) For consideration of an engine type to be approved: 
(i) Engine specification, see 11.1.4. 
(ii) Manufacturing processes and quality control 
information, see 11.2.3. 
(iii) | List of sub-contractors for main parts. 
(iv) | Procedures for configuring during commis- 
sioning. 


24-4 2.1.6 For engine types built under licence it is 
intended that the above documentation be submitted by the 
Licensor. Each Licensee is then to submit the following: 

e ~=6 A list, based on the above, of all documents required 
with the relevant drawing numbers and revision status 
from both Licensor and Licensee. 

e The associated documents where the Licensee 
proposes design modifications to components. In such 


(b) For engines of an approved type to be installed on Scarce ale is to be made confirming the 
aship, a compliance and inspection certificate, see Licensor’s acceptance of the proposed changes. — 
11.4. In all cases a complete set of endorsed documents will be 


* For engine control, alarm, monitoring and safety required by the Surveyor attending the Licensee’s works. 


systems, the plans and information required by Pt 9, 
Ch 1,1.2. 

e For electronically controlled engines, the plans and 
information required by 15.2. 


246 2.1.4 A Failure Mode and Effects Analysis 
(FMEA) as required by Pt 1, Ch 2 is to be submitted. The 
FMEA is to include the following associated sub-systems: 

e —_- Starting and stopping. 

e = Oil fuel. 

e Lubricating oil. 

e Cooling water (fresh and sea). 


2-4-8 2a Where considered necessary additional 
documentation may be required. 


10 


a Section 6 

Safety arrangements on engines 
6.5 Crankcase access and lighting 
6.5.2 When interior lighting is provided it is to be 


flameproof (Ex ‘d’) in relation to the interior and details are to 
be submitted for approval, see a/so Pt 10, Ch 1,13. No wiring 
is to be fitted inside the crankcase. 


Section 7 


Starting arrangements 


Air compressors and starting 
arrangements 


Existing sub-Section 7.1 has been renumbered 7.11. 


7.1 General requirements 
Falla ll The requirements of this Section are applicable to 


reciprocating air compressors intended for starting main 
engines and auxiliary engines providing essential services. 


Het 7.1.2 Two or more air compressors are to be 
fitted having a total capacity, together with a topping-up 
compressor where fitted, capable of charging the air 
receivers within one hour from atmospheric pressure, to the 
pressure sufficient for the number of starts required by 7.3. At 
least one of the air compressors is to be independent of the 
main propulsion unit and the capacity of the main air 
compressors is to be approximately equally divided between 
them. The capacity of an emergency compressor which may 
be installed to satisfy the requirements of 7.1 is to be ignored. 


22/7 1.3 The compressors are to be so designed 
that the temperature of the air discharged to the starting air 
receivers will not substantially exceed 938°C in service. A small 
fusible plug or an alarm device operating at 121°C is to be 
provided on each compressor to give warning of excessive 
air temperature. The emergency air compressor is excepted 
from these requirements. 


42-3 7.1.4 Each compressor is to be fitted with a safety 
valve so proportioned and adjusted that the accumulation with 
the outlet valve closed will not exceed 10 per cent of the 
maximum working pressure. The casings of the cooling water 
spaces are to be fitted with a safety valve or bursting disc so 
that ample relief will be provided in the event of the bursting of 
an air cooler tube. 


2-4 VIED Each compressor is to be fitted with an 
alarm for failure of the lubricating oil supply which will initiate 
an automatic shut-down. 
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Volume 2, Part 2, Chapter 1 


728 7.1.6 Where starting air is provided from a 
general use compressed air system, it is to be demonstrated 
that the system capacities are consistent with the philosophy 
described in 7.2.1. 


7.2 Plans and particulars 

Veen Detailed plans, particulars, dimensional drawings 
and material specifications for compressor crankshafts are to 
be submitted in triplicate. Plans and particulars for other parts 
and calculations, where applicable, are to be submitted to LR 
upon request. 


7.2.2 Where compressors of a special type or design are 
proposed, the requirements of Pt 7, Ch 15 of the Rules and 
Regulations of the Classification of Ships are to be applied. 


7.3 Materials 

Poo il The specified minimum tensile strength of castings 
and forgings for compressor crankshafts are to be within the 
limits given in 3.2.1 and for grey cast iron to be not less than 
300 N/mm2. 


Tse Where it is proposed to use materials outside the 
ranges specified in 7.3.1, details of the chemical composition, 
heat treatment and mechanical properties are to be submitted 
for approval. 


TESS: Materials for components are to be tested as 
indicated in 3.1. 


7.3.4 For crankshafts with a calculated crank pin diame- 
ter equal to or greater than 50 mm, they are to be 
manufactured and tested in accordance with the require- 
ments of LR’s Rules for the Manufacture, Testing and 
Certification of Materials. For calculated crank pin diameters 
less than 50 mm, a manufacturer’s certificate may be 
accepted, see Ch 1,3.1.3(c) of the Rules for Materials. 


7.4 Design and construction 

7.4.1 A fully documented fatigue strength analysis is to 
be submitted, indicating a factor of safety of 1,5 at the design 
loads, based on a suitable fatigue strength criterion. 
Alternatively, the requirements of 7.4.2 to 7.4.6 may be used. 


7.4.2 The diameter, dp, of a compressor crankshaft is to 
be not less than d, determined by the following formula, when 
all cranks on the shaft are located between two main 
bearings only: 


D2pZz(s ab te 
aes ve( 7a ie zal Ae 
where 
a = distance between inner edge of one main bearing 
and the centreline of the crankpin nearest the 
centre of the span, in mm 
b = distance from the centreline of the same crankpin 
to the inner edge of the adjacent main bearing, 
inmm 
a+b = span between inner edges of main bearings, in mm 


= proposed minimum diameter of crankshaft, in mm 


Volume 2, Part 2, Chapter 1 


p = design pressure, in bar g, as defined in Pt 7, 
Ch 1,3:3.1 
D_ = diameter of cylinder, in mm 
S = length of stroke, in mm 
V, = 1,0 for shafts having one cylinder per crank, or 
= CS between adjacent cylinders on the 
SE same crankpin 
= 1,25 for 45° 
for the shaft and cylinder arrangements as detailed in Table 1.7.1 
560 
Lo = == io sical 
Regen um etal te 
oe 700 for spheroidal or nodular 
Gy + 260 -0,059d,, graphite cast iron 
700 
Lo = f t 
5, + 260 - 0,069d, or grey cast iron 
Oy = specified minimum tensile strength of crankshaft 
material, in N/mm2. 
Table 1.7.1 Angle between cylinders 


Number of 
cylinders per crank 


Number of 
crankpins 


Angle between cylinders, 
in degrees 


1or2 2 
3 2 
4 2 


1 
2 
3 


AG) Where the shaft is supported additionally by a 
centre bearing, the diameter is to be evaluated from the half 
shaft between the inner edges of the centre and outer main 
bearings. The diameter so found for the half shaft is to be 
increased by six per cent for the full length shaft diameter. 


7.4.4 The dimensions of crankwebs are to be such that 
Bt? is to be not less than given by the following formulae: 
0,48 for the web adjacent to the bearing 
0,75a8 for intermediate webs 


where 
B- = breadth of web, in mm 
d = minimum diameter of crankshaft as required by 


7.4.2, in mm 

axial thickness of web, which is to be not less than 
0,45d for the web adjacent to the bearing, or 0,60d 
for intermediate webs, in mm. 


+ 
Il 
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7.4.5 Fillets at the junction of crankwebs with crankpins 
or journals are to be machined to a radius not less than 0,05d. 
Smaller fillets, but of a radius not less than 0,025d, may be 
used, provided the diameter of the crankpin or journal is not 
less than cd: 


where 
fs 
c =1,1-2 a but to be taken as not less than 1,0 
d = minimum diameter of crankshaft as required by 
8.4.2, in mm 
r = fillet radius, in mm. 
7.4.6 Fillets and oil holes are to be rounded to an even 


contour and smooth finish. 


7.4.7 An oil level sight glass or oil level indicator is to be 
fitted to the crankcase. 


7.4.8 The crankcases of compressors are to be designed 
to withstand a pressure equal to the maximum working 
pressure of the system. 


7.4.9 Compressors with shaft power exceeding 500 kW 
are to have torsional vibration analysis determined in accor- 
dance with Pt 5, Ch 1 as applicable. 


7.4.10 The cooler dimensions for sea-water cooled stage 
air coolers are to be based on an inlet temperature of not less 
than 32°C. Where fresh water cooling is used, the cooling 
water inlet temperature is not to be greater than 40°C. 


7.4.11 Thecooler dimensions for air cooled stage air coolers 
are to be based on an air temperature of not less than 45°C. 


7.4.12 The piping to and from the air compressor is to be 
arranged to prevent condensation from entering the cylinders. 


7.5 Testing 

Hi Cylinders and liners of air compressors are to be 
subjected to hydraulic pressure tests at 1,5 times the final 
pressure of the stage concerned. 


UGB The compressed air chambers of the intercoolers 
and after coolers of air compressors are to be subjected to 
hydraulic pressure tests at 1,5 times the final pressure of the 
stage concerned. 


7.6 Safety arrangements and monitoring 
7.6.1 Air compressors are to be arranged and located so 
as to minimise the intake of air contaminated by oil or water. 


7.6.2 Where one compressor stage comprises several 
cylinders which can be shut off individually, each cylinder shall 
be equipped with a safety valve and a pressure gauge. 


7.6.3 After the final stage, all air compressors are to be 
equipped with a water trap and after cooler. The water traps, 
after coolers and the compressed air spaces between the 
stages are to be provided with discharge devices at their 
lowest points. 


7.6.4 Each compressor stage shall be fitted with a 
suitable pressure gauge, the scale of which must indicate the 
relevant maximum permissible working pressure. 


7.7 Crankcase relief valves 

Ustad In compressors having cylinders not exceeding 
200 mm bore or having a crankcase gross volume not 
exceeding 0,6 mS, crankcase relief valves may be omitted. 


Medet Crankcases are to be provided with lightweight 
spring-loaded valves or other quick-acting and self-closing 
devices to relieve the crankcases of pressure in the event of 
an internal explosion and to prevent any inrush of air there- 
after. The valves are to be designed and constructed to open 
quickly and be fully open at a pressure not greater than 
0,2 bar. 


alas The valve lids are to be made of ductile material 
capable of withstanding the shock of contact with stoppers 
at the full open position. 


7.7.4 Each valve is to be fitted with a flame arrester that 
permits flow for crankcase pressure relief and prevents the 
passage of flame following a crankcase explosion. 


ATES The valves are to be provided with a copy of the 

manufacturer’s installation and maintenance manual for the 

size and type of valve being supplied. The manual is to 

contain the following information: 

(a) Description of valve with details of function and design 
limits; 

(b) Copy of type test certification; 

c) Installation instructions; 

(d) Maintenance and in-service instructions to include testing 

and renewal of any sealing arrangements; 

Actions required after a crankcase explosion. 


KisS) A copy of the installation and maintenance manual 
required by 7.7.3 is to be provided on board the ship. 


Vell Plans showing details and arrangements of the 
crankcase relief valves are to be submitted for approval, see 
2.1. 


7.7.8 The valves are to be provided with suitable markings 
that include the following information: 

(a) Name and address of manufacturer; 

(b) Designation and size; 

(c) Month/Year of manufacture; 

(d) Approved installation orientation. 


7.8 Number of crankcase relief valves 

7.8.1 In compressors having cylinders exceeding 200 mm 
but not exceeding 250 mm bore, at least two relief valves are 
to be fitted; where more than one relief valve is required, the 
valves are to be located at or near the ends of the crankcase. 
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US 2 In compressors having cylinders exceeding 250 mm 
but not exceeding 300 mm bore, at least one relief valve is to 
be fitted in way of each alternate crank throw with a minimum 
of two valves. For compressors having 3, 5, 7, 9, etc., crank 
throws, the number of relief valves is not to be less than 2, 3, 
4, 5, etc., respectively. 


7.8.3 In compressors having cylinders exceeding 300 mm 
bore, at least one valve is to be fitted in way of each main 
crank throw. 


7.8.4 Additional relief valves are to be fitted for separate 
spaces on the crankcase, such as gear or chain cases, when 
the gross volume of such spaces exceeds 0,6 m3. 


7.9 Size of crankcase relief valves 

7.9.1 The combined free area of the crankcase relief 
valves fitted on a compressor is to be not less than 
115 cm2/m8 based on the volume of the crankcase. 


7.9.2 The free area of each relief valve is to be not less 
than 45 cm2. 
7.9.3 The free area of the relief valve is the minimum flow 


area at any section through the valve when the valve is fully 
open. 


7.9.4 In determining the volume of the crankcase for the 
purpose of calculating the combined free area of the 
crankcase relief valves, the volume of the stationary parts 
within the crankcase may be deducted from the total internal 
volume of the crankcase. 


7.10 Vent pipes 


7.10.1 Where crankcase vent or breather pipes are fitted, 
they are to be made as small as practicable and/or as long as 
possible to minimise the inrush of air after an explosion. 
447.11 Dead ship condition starting arrangements 
Existing paragraphs 7.1.1 to 7.1.4 have been renumbered 
7.11.1 to 7.11.4. 

737.12 Air receivers 

Existing paragraphs 7.3.1 to 7.38.5 have been renumbered 
7.12.1 to 7.12.5. 

447.13 Starting air pipe systems and safety fittings 


Existing paragraphs 7.4.1 to 7.4.8 have been renumbered 
7.18.1 to 7.13.8. 
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46 7.14 Electrical starting arrangements 


Existing paragraphs 7.5.1 to 7.5.3 have been renumbered 
7.14.1 to 7.14.3. 


48-4 7.14.4 Engine starting batteries are to be used 
only for the purposes of starting the engines and for the 
engines’ own control, alarm, monitoring and safety arrange- 
ments. Means are to be provided to ensure that the stored 
energy in the batteries is maintained at a level required to start 
the engines, as defined in 7.5.1 and 7.5.3. 


Existing paragraphs 7.5.5 to 7.5.7 have been renumbered 
7.14.5 to 7.14.7. 
467.15 Starting of the emergency source of power 


Existing paragraphs 7.6.1 to 7.6.6 have been renumbered 
7.15.1 to 7.15.6. 


Chi Where the oil fuel supply is heated, automatic 
control for viscosity may be fitted in lieu of the temperature 
control required by 9.7.4. 


Existing paragraphs 9.7.5 to 9.7.7 have been renumbered 
9.7.6 to 9.7.8. 


Table 1.9.1(a) | Diesel engines for propulsion purposes: 
Alarms and slow-downs 


(Part only shown) 


Alarm Note 


Item 


Electrical starting Low 


battery charge level* 


# Electric start engines, 
see also 7.5.5 


Table 1.9.2 Auxiliary diesel engines: Alarms and 


shut-downs (Part only shown) 


Item Note 


Electrical starting 
battery charge level 


# Electric start engines, 
see also 7.5.5 


7.15.7 — Electric starting arrangements are to also satisfy 
7.14.2 to 7.14.5. 


7.16 Engine control, alarm, monitoring and safety 
system power supplies 
7.16.1 Power supplies are to be arranged so that power 


for electrically powered control, alarm, monitoring and safety 
systems required for engine starting and operation will remain 
available in the event of a failure. Power is to remain available 
to permit starting attempts for the number of starts specified 
by this Section for each individual source of stored energy. 


7.16.2 Where adequate battery and charging capacity 
exists, an engine-starting battery may be used as one source 
of electrical power required by 8.6.1. 


7.16.3  Analarm is to be activated in the event of failure of 
a power supply and, where applicable, low battery charge 
level. Manual power supply changeover facilities are permitted. 


| Section 9 
Control and monitoring 
9.7 Diesel engines for propulsion purposes 
9.7.4 The following engine services are to be fitted with 


automatic temperature controls so as to maintain steady state 
conditions throughout the normal operating range of the 
propulsion engine(s): 


(a) Lubricating oil supply. 

(b) Piston coolant supply, where applicable. 

(c) Cylinder coolant supply, where applicable. 

(d) Fuel valve coolant supply, where applicable. 

(e) Oil fuel supply, where oil fuel grades require heating or 


cooling only, see also 9.7.5. 
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|_| Section 11 
Mass produced engines 
11.2 Procedure for approval of mass produced 


engines 


oe one ee ails ae 
parts. 


11.2.2 For the approval of a mass-produced engine type, 
the manufacturer is to submit: 

(a) The plans and particulars required by 2.1 for assessment. 
(b) As necessary, information to assess compliance with 
Section 4. 

A list of subcontractors for main parts. 


(d) Control, alarm, monitoring and safety system configuration 
procedures, see 11.4.2. 
11.2.5 LRreserves the right to limit the duration of validity 


of approval of a mass produced engine. LR is to be informed, 
without delay, of any change in the design of the engine 
including changes to the software and control, alarm, monitoring 
or safety systems, in the manufacturing or quality—+A+he 


rrandactudAg-er control processes, e¢ in the selection of 


materials or in the list of subcontractors for main parts. 


11.4 Compliance and inspection certificate 

11.4.2 The certificate is to include reference to the manu- 
facturer’s procedures to be followed during commissioning 
for configuring control, alarm, monitoring and safety systems 
for multi-purpose engines or other engine types that require 
parameters and settings to be adjusted for the intended 
application. 


11.5 Type test conditions 

17.5.3 The type tests are to be conducted with the engine 
control systems operational in the approved configuration, 
see 2.1.5 and 2.1.6. Configuration management documents 
are to be reviewed at testing for validity and referenced in the 
type test report. 


Existing paragraphs 11.5.3 to 11.5.9 have been renumbered 
11.5.4 to 11.5.10. 


446-46 717.5.17 For engines that are required to be 
approved for different purposes (multi-purpose engines), and 
that have different performance# profiles and control, alarm, 
monitoring and safety systems configurations for each 
purpose, the programme and duration of test is to be modi- 
fied to cover the whole range of the engine performance, 
taking into account the most severe conditions and intended 
purpose(s). 


Existing paragraph 11.5.11 has been renumbered 11.5.12. 


a Section 15 

Electronically controlled engines 
15.1 Scope 
15.1.1. The requirements of this Section are applicable to 


engines for propulsion, auxiliary or emergency, see 15.5, 
power purposes with programmable electronic systems 
implemented earctusecdte-contrettictiniectontming-anc 
euratien—ancumhich_maraise—contre-cembusten—aor 
exhaustsystems. The requirements of this Section also apply 
to programmable electronic systems used to control other 
functions (e.g. starting and control air, cylinder lubrication, 
etc.) where essential for the operation of the engine. 


46-43 15.1.2 The operation of these engines relies on 
the effective monitoring of a number of parameters such as 
crank angle, engine speed, temperatures and pressures using 
ene—or-mereelectrente_centret-systems programmable 
electronic systems to provide the services essential for the 
operation of the engine such as fuel injection, air inlet, exhaust 
and speed control. 


tecLancuat-be-specialt-censiderec. } } 7 


15.1.3 Details of proposals to deviate from the require- 
ments of this Section are to be submitted and will be 
considered on the basis of a technical justification produced 
by the engine packager or system integrator. 


15.1.4 Each engine is to be configured for the specified 
performance and is to satisfy the relevant requirements for 
propulsion, auxiliary or emergency engines. 
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15.1.5 During the life of the engine details of any proposed 
changes that affect te-harcwere—sefiwarecentreLanc aeni- 
tedng-_systems-the safe and reliable operation of the engine 
are to be submitted to LR for approval. 


15.2 Plans and particulars 

15.2.1. In addition to the plans and particulars required by 

Ch 1,2, the following information is to be submitted: 

(a) Ageneral overview of the operating principles, supported 
by schematics explaining the functionality of individual 
systems and sub-systems. The information is to relate 
to the engine capability and functionality under defined 
operating and emergency conditions such as recovery 
from a failure et, degraded modes of operation, or 
malfunction, with particular reference to the functioning 
of electrenie-centret programmable electronic systems 
and any sub-systems. Also, the information is to indicate 
if the engine has different modes of operation, such as to 
limit exhaust gas emissions and/or to run under an 
economic fuel consumption mode or any other mode 
that care is electronically controlled BKelectronic 


Reese manuals wien describe us particulars of 
each system and, together with maintenance instructions, 
include reference to the functioning of sub-systems. 

Fattretiedes-andtEfects Anatsis EMEA A risk-based 
analysis of the mechanical, pressure containing aad 
electrical, electronic and programmable electronic 
systems and arrangements that support the operation of 
the engine. The analysis is to demonstrate that suitable 


risk mitigation has been achieved ee 


Details of hydraulic systems for actuation of sub-systems 
(fuel injection or exhaust), to include details of the 
design/construction of pipes, pumps, valves, accumulators 
and the control of valves/pumps. Details of pump drive 
arrangements are also to be included. 


# (e) Quality plan for sourcing, design, installation and testing 
of all components used in the oil fuel and hydraulic oil 
systems installed with the engine for engine operation. 
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{g} (f) Fatigue analysis for all high pressure oil fuel and hydraulic 
oil piping arrangements required for engine operation 
where failure of the pipe or its connection or a compo- 
nent would be the cause of engine unavailability. The 
analysis is to concentrate on high pressure components 
and sub-systems and recognise the pressures and fluc- 
tuating stresses that the pipe system may be subject to 
in normal service. 

4} (g) Evidence of type testing of the engine with electrenic 
eentrets the programmable electronic system, or a 
proposed test plan at the erngine-buiders engine pack- 
ager’s facility with the programmable electronic sertrets 
system functioning, to verify the functionality and 
behaviour under normal operating and fault conditions 
of the programmable electronic eentret system. 

Schedule of testing at the eAgine-buiiders engine pack- 

ager’s or system integrator’s facility, pre-sea trial 

commissioning and sea trials. The test schedules are to 
identify all modes of engine operation and the sea trials 
are to include typical port manoeuvres under the 
intended engine operating modes. The schedule is to 
include: 

(i) testing and trials to demonstrate that the engine 

is capable of operating as described in (a); 

tests to verify that the response of the complete 

mechanical, hydraulic, electrical and electronic 

system is as predicted for the intended opera- 
tional modes; and 

testing required to verify the conclusions of the 

risk-based analysis. 

The scope of these tests is to be agreed with LR. 

{} (j) For emergency engines, evidence and details showing 
compliance with +6-6 15.7. 


(il) 


(ii) 


15.2.2 — In addition to the applicable plans and particulars 
required by Rat9 Pt 9, Ch 1,1.2.3 to 1.2.6, the following 
information for control, alarm, monitoring and safety systems 
relating to the operation of an electronically controlled engine 
is to be submitted: 


EE FEFFESTE ESEEPLEL 


eperation- 

Engine configuration details, see 15.5.2. 

Software quality plans, including configuration manage- 
ment documents. 

Software safety evidence. 

Software assessment inspection report such as SCA or 
IEC 61508, as applicable. 
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15.3 Risk-based analysis 

15.3.1 An analysis is to be carried out in accordance with 
relevant standards acceptable to LR to demonstrate compli- 
ance with the applicable requirements of this sub-Section 
appropriate to the engine application. The analysis is to be a 
risk-based consideration of engine operation and ship and 
personnel safety, and is to demonstrate adequate risk mitiga- 
tion through fault tolerance and/or reliability in accordance 
with the specified criteria in 15.3.2 to 15.3.4, relevant to the 
engine application. 


15.3.2 For ships with a single main propulsion engine, a 
Failure Mode and Effects Analysis (FMEA), or alternative 
recognised analysis of system reliability, is to be carried out 
and is to demonstrate that an electronic control system failure: 
(a) will not result in the loss of the ability to provide the 
services essential for the operation of the engine, see 
Pt 9, Ch 1,2.5.7 and 2.13.2; 

will not affect the normal operation of the services essen- 
tial for the operation of the engine other than those 
services dependent upon the failed part, see Pt 9, 
Ch 1,2.14.4 and 2.14.5; and 

will not leave either the engine, or any equipment or 
machinery associated with the engine, or the ship in an 
unsafe condition, see Pt 9, Ch 1,2.3.12, 2.4.5, 2.5.4, 
2.10.8, 2.10.4 and 2.14.5. 


(b) 


15.3.3 A risk-based analysis is to be carried out for: 

(a) main engines on ships with multiple main engines or 
other means of providing propulsion power; and/or 
auxiliary engines intended to drive electric generators 
forming the ship’s main source of electrical power or 
otherwise providing power for essential services. 

The analysis is to demonstrate that adequate hazard mitiga- 
tion has been incorporated in electronically controlled engine 
systems or the overall ship installation, with respect to personnel 
safety and providing propulsion power and/or power for 
essential services for the safety of the ship. Arrangements 
satisfying the criteria of 15.3.2(a) to (c) will also be acceptable. 


(b) 


15.3.4 For engines for emergency power purposes, a risk- 
based analysis is to be carried out to demonstrate that the 
design incorporates adequate hazard mitigation, such that the 
likelinood of an electronic engine system failure resulting in the 
loss of the ability to provide emergency power has been 
reduced to a level considered acceptable by LR, and that 
means are provided to detect failures and permit personnel 
to restore engine availability to operate on demand. Failures 
which would result in engine failure and/or damage or loss of 
availability are to be identified and the report is to include 
documentation of: 

(a) component reliability evidence; 


(o) failure detection and alarms; and 

(c) failure response required to restore engine availability 
and maintain personnel safety. 

15.3.5 The risk-based analysis report is to: 

(a) Identify the standards used for analysis and system 
design. 

(b) Identify the engine, its purpose and the associated 


objectives of the analysis. 
(c) Identify any assumptions made in the analysis. 
Identify the equipment, system or sub-system, mode of 
operation and the equipment. 
Identify potential failure modes and their causes. 


(f) | Evaluate the local effects (e.g., fuel injection failure) and 
the effects on the system as a whole (e.g., loss of 
propulsion power) of each failure mode. 

(g) Identify measures for reducing the risks associated with 
each failure mode (e.g., system design, failure detection 
and alarms, redundancy, quality control procedures for 
sourcing, manufacture and testing, etc.). 

(h) Identify trials and testing necessary to prove conclusions. 


15.3.6 In anelectronically controlled engine, it is necessary 
to define the essential services on which the operation of the 
engine relies, and the control functions, alarm functions and 
safety functions for the equipment and machinery providing 
these services. Examples of essential services are: 

(a) Starting arrangements. 


(b) Fuel supply arrangements. 

(c) Lubricating oil arrangements. 

(d) Hydraulic oil arrangements. 

(e) Cooling arrangements. 

(f) Power supply arrangements. 

15.3.7 Where emergency engines are used as harbour 


sets, the system is to comply with the requirements of Pt 10, 
Ch 1,3.2.6. This function is to be included in the risk-based 
analysis. 


15.3.8 At sub-system level, it is acceptable to consider fail- 
ure of equipment items and their functions, e.g., failure of a 
pump to produce flow or pressure head. It is not required that 
the failure of components within that pump be analysed, and 
failure need only be dealt with as a cause of failure of the 
pump. 


46.3-15.4 Oil fuel and hydraulic oil systems 


Existing paragraphs 15.3.1 to 15.3.12 have been 
renumbered 15.4.1 to 15.4.12. 


15.5 Control engineering systems 


15.5.1. Control, alarm, monitoring, safety and programmable 
electronic systems are to comply with Pt 9, Ch 1, as applica- 
ble. 
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15.5.2 The engine control, alarm, monitoring and safety 
systems are to be configured to comply with the relevant 
requirements (e.g. operating profile, alarms, shut-downs, etc.) 
of this Chapter and Pt 9, Ch 1 for an engine for main, auxiliary 
or emergency power purposes. Details of the engine configu- 
ration are to be submitted for consideration identifying: 

(a) Local and remote means to carry out system configura- 
tion. 

(b) Engine packager or system integrator procedures for 
undertaking configuring. 

(c) Roles and responsibilities for configuration (e.g. Engine 
builder, engine packager, system integrator or other 
nominated party) with accompanying schedule. 

(d) Configurable settings and parameters (including those 
not to be modified from a default value). 

(e) Configuration for propulsion, auxiliary or emergency 
engine application. 

Configuration records are to be maintained and are to be 

made available to the Surveyor at testing and trials and on 

request, in accordance with Pt 9, Ch 1,1.4 and 6.1.3. 


15.6 Software 


15.6.1 Software lifecycle activities are to be carried out in 
accordance with an acceptable quality management system, 
see Pt 9, Ch 1,2.10.21, 2.13.2 and 2.13.7. 


15.6.2 Appropriate safety related processes, methods, 
techniques and tools are to be applied to software develop- 
ment and maintenance by the engine packager or system 
integrator. Selection and application of techniques and 
measures in accordance with Annex A of IEC 61508-3, 
Functional safety of electrical/electronic/programmable 
electronic systems: Software requirements, or other relevant 
standards or codes acceptable to LR, will generally be 
acceptable. 


RIOR} 

15.6.2: 

(a) software quality plans and safety evidence are to be 
submitted for consideration, see 15.2.2(b) and (c); and 

(b) an assessment inspection of the engine packager’s or 
system integrator’s completed development is to be 
carried out by LR. The inspection is to be tailored to 
verify application of the standards and codes used in 
software safety assurance accepted by LR. 


To demonstrate compliance with 15.6.1 and 


46.6 15.7 Emergency engines 


46-6-6 15.7.6 Where the proposed arrangement of 
engine electronic control systems does not incorporate redun- 
dancy to satisfy the requirements of +6-6-+ 15.3.1, evidence 
is to be submitted that demonstrates the arrangements have 
been assessed and found to comply with IEC 61508, func- 
tional safety of electrical/electronic/programmable electronic 
systems, or a relevant alternative standard. The submissions 
are to include proposals for LR to verify compliance (reviews, 
Surveys, trials, etc.) with the applicable standard(s). 


Existing paragraphs 15.5.1 to 15.5.6 have been renumbered 
15.7.1 to 15.7.6. 
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Gas Turbines 


Effective date 1 January 2011 Table 2.7.1 Gas turbine machinery: Alarms and 
; shut-downs (Part only shown) 
a Section 7 


Control, alarm and safety systems tem Alarm Note 
Overspeed High Automatic shut-down, 
7.9 Automatic and remote controls see also 7.2 


Starting air pressure Low _ 
7.9.2 thefolloming-turbine-—senuces—are Where oil fuel 
grades require heating or cooling only, oil fuel supply is to be 
fitted with automatic temperature controls so as to maintain 
steady state conditions throughout the normal operating Starting hydraulic Low 
range of the turbine:, see also 7.9.4. siealy 
} Ehaustgac- 


Electrical starting Low = 
battery charge level 


7.9.4 Where the oil fuel supply is heated, automatic 
control for viscosity may be fitted in lieu of the temperature 
control required by 7.9.2. 
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Volume 2, Part 4, Chapter 1 
Gas Turbines 


Effective date 1 January 2012 


a Section 7 
Propeller design 
7.1 Minimum blade thickness 
(Part only shown) 
7.1.1 For propellers having a skew angle of tess+han 25° 


or less, as defined in 1.3.1, the minimum blade thickness, T, 
of the propeller blades at 25 per cent radius for solid 
propellers, 35 per cent radius for controllable pitch propellers, 
neglecting any increase in each case due to fillets, and at 
60 per cent radius, is to be not less than: 


(Part only shown) 

7.1.4 For propellers having skew angles of greater than 
25° ergreater, but less than 50°, the mid-chord thickness, 
T5k0,6: at the 60 per cent radius is to be not less than: 
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Water Jet Systems 


Effective date 1 January 2012 


Scope 


1.1 Application 


with the 
ystems in 


7.7.1 This Chapter is to be read in conjunctioy 
requirements for Machinery and Engineering 
Pt 1, Ch 1 and Ch 2. 


1.1.2 This Chapter gives requiremefts for fixed or 
steerable water jet propulsion systems whfre the rated power 
exceeds 500 kW, and which are integral with the ship’s hull 
structure and form the main meané of propulsion. The 
arrangements of water jet units fof#other purposes will be 
considered in relation to their intended duty. 


7.1.3 A water jet propulsigA unit is defined as a machine 
which takes in water, by meafis of a suitable inlet and ducting 
system, and accelerates thé mass of water using an impeller 
and nozzle to form a jet pfopulsion system. 


1.2 Redundgfcy 

1.2.1 In genéral, a minimum of two water jet units are to 
be provided where these form the sole means of propulsion. 
1.2.2 é failure of one water jet unit or its control system 


is not to Yender any other water jet unit inoperative. 


1.2. Where a single water jet installation is proposed, it 
willAoe subject to special consideration, taking into account 
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Particulars to be submitted 
2.1 Submission of information 


2alsl At least three copies of the following 
information as detailed in 2.2 and 2.3 are to be s 


2.2 Plans 
2.2.1 General arrangement plans shgwing details of the 
following: 


(a) 


(b) 
(Cc) 
(d 


Shafting assembly indicating beafing positions. 
Steering assembly. 
Reversing assembly. 

) Longitudinal section of the gomplete water jet unit. 
2.2.2 Detailed dimension 
materials of construction of #ne following: 

(a) Arrangement of the s¥stem, including intended method 
of attachment to t¥e hull and building in, geometry of 
tunnel, shell openings, method of stiffening, reinforcement, 


lans indicating scantlings and 


etc. 

b) All torque trangmitting components, including impeller, 

r if fitted 

C) ponents, together with a description and 
line diagfam of the control circuit. This includes 
steerabJé exit water jet nozzles where fitted. 

d) nents of retractable buckets where these are 
use for providing astern thrust. 

e) Thg bearing or bearings absorbing the thrust and 

pporting the impeller, together with the method of 

ubrication. 

f) 7 Shaft sealing arrangements. 


Details of any shafting support or guide vanes used in 
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systems, together with pipe material, relief valves and working 
pressures. 


2.3 Calculations and information 

2.3.1 Details of the power/speed range of op¢ration 
indicating the maximum continuous torque rating together 
with flow rate and thrust. 


2.32 Strength calculations, using the maximujn continu- 
ous torque rating and the most ‘onerous’ operating condition, 
including short term high power operation, as a/design case 
including the effects of mean and fluctuating Igads, residual 
stresses, and stress raisers, for: 

(a) Impeller and, if fitted, the stator and any polting arrange- 
ments. 

Shaft supports and guide vanes if fitted. 

In the absence of precise informatign, the fluctuating 
stress may be assumed to be 16 per cent of the 
maximum stress. As an alternativd to fatigue strength 
calculation results of an approved measurement 
programme may be submitted. I, all cases, a factor of 
safety of at least 1,5 is to be/demonstrated for the 
maximum continuous rating cosdition. 

Detailed weld specification whgfe an impeller has welded 
blades. Welds are to be full p¢netration type or of equiv- 
alent strength. 

Steering components, incluging lugs of steerable nozzles 
where fitted. 

Retractable buckets and associated mechanism, which 
are used to provide astérn thrust. A calculation of the 
hydrodynamic transient loads is to be made for each 
design and is to incl¥de the full ahead to full astern 
condition. The calcylation procedure used is to be 
supported, where pagsible, with appropriate full scale or 
model test data or/satisfactory service experience to 
validate the design/method. 


(b) 


2.3.3 Details of the Designer’s loadings and positions of 
application in the hull/are to be submitted, and should include 
maximum applied thfust, moments and tunnel pressures. The 
tunnel strength ang supporting structure are to be examined 
by direct calcufation procedures and submitted for 
consideration. 


2.3.4 Calcylations, or relevant documentation indicating 
the suitability fof all components for short term high power 
operation, were applicable. 


2.3.5 here it is proposed to use composite (non- 
metallic) shafts, details of materials, resin, lay-up procedure 
and docymentary evidence of fatigue endurance strength. 


2.3.6 Torsional vibration calculations of the complete 
dynanjic system in accordance with Pt 5, Ch 1 together with 
a torgional schematic of the water jet unit. 


2.3 Shaft whirling calculations where required by 
Ptf, Ch 8. 

4.3.8 Details of control engineering aspects are to be in 
a So ith Dt oO Cb 


Sree as) 
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C O 
Materials 
3.1 General 
3.1.1 The materials used in the construction are Jo be 


manufactured and tested in accordance with the Rules for the 
Manufacture, Testing and Certification of Materials. 


3.1.2 Machinery components are to be of steef or other 
approved non-ferrous metals suitable for the/intended 
environment. 


a Section 4 
Design and constructio 
4.1 Shaftline 
4.1.1 The diameter of the shafting is to comply with 


Pt 3, Ch 2. For calculation purposes the shaft carrying the 
impeller is to be taken as equivalent to/a screwshaft. 


4.1.2 Where it is proposed to/use carbon or carbon 
manganese steel shafts which may be in contact with 
sea-water, these are to be protectefi. Full details of the means 
of protection are to be submitted 


4.1.3 Where lengths of shafts are joined using couplings 
of the shrunk element type, fufl particulars of the method of 
achieving the grip force are to he forwarded for consideration. 
A factor of safety against slippage of 2,0, based upon mean 
plus vibratory torque, is to be achieved for couplings located 
inboard, and likewise 2,5/for couplings which are located 
outboard. 


4.1.4 For the interference fit of keyless impellers the 
requirements of Chapt¢r 1 are to be applied. 


4.2 Shaft support system and guide vanes 

4.2.1 In casey where the shaft requires support from the 
tunnel walls ahead of the impeller, or, alternatively, where 
guide vanes are/required to assist the flow around a bend in 
the ducting sygtem, the supports or guide vanes are to be 
aligned to the/flow and have suitably rounded leading and 
trailing edges/or be of an aerofoil section. 


4.2.2 Fatigue strength calculations of supports or guide 
vanes arefto be submitted and are to include the effects of 
mean anf fluctuating loads, residual stresses, and stress 
raisers. |N general, the fillet radius should not be less than the 
maximym thickness at that location. Smaller radii may be 
considéred for which the results of an approved measurement 
programme are to be submitted. In all cases, a factor of safety 
of atfleast 1,5 is to be demonstrated for the designed operat- 
ing £onditions. 


42.3 A facility for the inspection of the supports or guide 
anes is to be provided which will allow either direct visual or 


4,3—1mpele¢—_ 


4.3.1 In general, the fillet radius should not be less tha 
the maximum thickness at that location. Composite radiusef 
fillets or elliptical fillets which provide an improved strefs 
concentration factor are preferred. 


4.3.2 Where an impeller has bolted on blades, congider- 
ation is also to be given to the distribution of stress/in the 
palms of the blade and in the hub and bolting arranggments. 


4.3.3 The blades are to be provided with hydrédynami- 
cally faired leading and trailing edges which may bé either of 
simple radius or of a more complex aerofoil edg¢ form. The 
tip clearance, whilst being kept to a mjhimum for 
hydrodynamic purposes must be sufficient to Allow for any 
transient vibrational behaviour, axial shaft ynovement or 
differential thermal expansion. 


4.3.4 A calculation of the blade natural frequency for the 
impeller blades is to be undertaken. As uch the natural 
frequency should be shown to lie outs/de any expected 
excitation frequencies within a speed r@nge of 30 per cent 
below to 10 per cent above the maxinfum impeller speed. 
Deviations from these limits will be congidered. 


4.3.5 A facility for the in service inspection of the impeller 
and stator (if fitted) blades is to be prgvided which will allow for 
either a direct visual or boroscope irspection of the complete 
blade surfaces. 


4.4 Stator 

4.4.1 The stator blades, where fitted, are to be designed 
to be capable of withstanding the combined hydro-dynamic 
and mechanical loads (incfuding any loads transmitted via 
shaft bearings) developed ify the unit and reacted through the 
blades when the impeller is absorbing full power and the vessel 
is either free running or ufdergoing a crash stop manoeuvre, 
whichever imposes the freater loading on the blades. 


4.4.2 In general, fhe fillet radius should not be less than 
the maximum thickn¢ss at that location. Composite radiused 
fillets or elliptical fillefS which provide improved stress concen- 
tration factors are preferred. 


4.4.3 If the gtator ring is a composite assembly then 
consideration is Also to be given to the distribution of stress in 
the various adjacent members. 


4.4.4 A galculation of the relative blade passing frequency 
between the/rotor and stator blades is to be carried out and it 
is to be demonstrated that this does not coincide with the 
natural frefuency of the stator blades over a speed range of 
30 per cgnt below to 10 per cent above maximum impeller 
speed. Yimilarly this condition is to be demonstrated for the 
manoeyvring speeds. 


4.4.5 The stator blades are to be provided with hydro- 
dyndmically faired leading edges which may have either a 
simple radius or a more complex aerofoil edge form. 


4/4.6 Where the stator blading assembly forms part of 
€ nozzle, the requirements of 4.6 must be considered in 


association with thosa fo ne otorassamh 
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4,5———_Tunnel_and-securing- arrangements—§ _—___ 


4.5.1 The tunnel is to be adequately supported, framed 
and fully integrated into the hull structure. 


4.5.2 The tunnel and supporting structure scantlings ¢re 
to be not less than the Rule requirements for the surrounging 
structure. The strength of the hull structure in way of turnels 
is to be maintained. The structure is to be adeqyately 
reinforced and compensated as necessary. All openirgs are 
to be suitably reinforced and have radiused corners. 


4.5.3 Consideration should be given to providirg the inlet 
to the tunnel with a suitable guard to prevent th¢ ingress of 
large objects into the rotodynamic machinery. Th¢ dimensions 
of this guard must strike a balance between unflue efficiency 
loss due to flow restriction and viscous lossés, the size of 
object allowed to pass and susceptibility to 
and other flow restricting matter. 


4.5.4 The inlet profile of the tunnel is/to be designed so 
as to provide a smooth uptake of the wafer over the range of 
vessel operating trims and avoid signifigant separating of the 
flow into the rotating machinery. 


4.5.5 Design consideration is to fake account of pressures 
which could develop as a result ofa duct blockage, and to 
the axial location of rotating parts 


4.6 Nozzle and reversing bucket 

4.6.1 Nozzles can be eifher of a fixed or steerable form. 
The design of the nozzle Must fully take into account the 
change in pressure disfribution along its inner surface 
together with the othgr mechanical loads (e.g. stator 
assembly loads) and Yansient loads caused by the flow 
directing attachmentg and bucket loads which may be 
reacted through the Pody of the nozzle. In this analysis the 
changes to the pregsure distribution caused by transient 
manoeuvres are to He considered. 


ration is to be given to all transient loads 
ly to experience from manoeuvring and the 


Steering system 


In general, the steering systems are to comply with 
the fequirements of Pt 6, Ch 1. 


4f/.2 In addition to the requirements of Pt 6, Ch 1, the 
eering mechanism is to be capable of turning the nozzle unit 
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Piping systems 


5.1 General 
‘oye atl The piping systems for a water jet unit afe to 
comply with the general requirements of Pt 7, Ch 1. 


5.1.2 The specific requirements for lubricating hydraulic 
oil systems and standby arrangements are given in P#7, Ch 3. 
Requirements for steering hydraulic systems ar¢ given in 
Pt 6, Ch 1. 


5.2 Hydraulic power systems 
5.2.1 The piping systems for a water /jet unit are to 
comply with the general requirements of Pt 7, Ch 1. 


5.2.2 The hydraulic power operating/systems for each 
water jet unit are to be provided with the following: 

(a) arrangements to maintain the cleanlihess of the hydraulic 
fluid, taking into consideration the type and design of the 
hydraulic system; and 

a fixed storage tank having fufficient capacity to 
recharge at least one water jet Power actuating system 
including the reservoir. 


(b) 


a Section 6 
Control and mpnitoring 
6.1 General 
6.1.1 Except where indicated in this Section the control 


engineering systems arg to be in accordance with Pt 9, 
Ch 1. 


6.1.2 Steering confrol is to be provided for the water jet 
from machinery contrgl stations. 


6.7.3 For water/jets used as the only means of propul- 
sion, a standby oy alternative power source of actuating 
medium for contfolling the angular position and/or the 
reversing angle j§ to be provided. Automatic start of the 
standby pump gupplying hydraulic power for steering and 
reversing is to be provided. 


6.1.4 Means are to be provided at each station to stop 
each water j¢t. 


6.2 onitoring and alarms 
6.2.1 Alarms and monitoring requirements are indicated 
in 6.2.9 to 6.2.4 and Table 2.6.1. 


6.2.2 An indication of the angular position of the nozzle 
is to/be provided at each station from which it is possible to 
control the direction of thrust. 


6/2.3 An indication of both the required and actual 
eversing bucket position is to be provided at each station 
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Item 


Hydraulic system 
pressure 


Hydraulic oil supply Low 


tank level 


Hydraulic oil 
temperature 


High 


Hydrau Low 


flow 


ic system 


Lubricating oil Low 


pressure 


Control system Fault 


Control system 


power supply Failure 


6.2.4 The alarms deg 
indicated individually 
accordance with the a 


cribed in Table 2.6.1 are to be 
at the control stations and _ in 


a 
trical systems 
7A istribution arrangements 
Filet Water jet auxiliaries and controls are to be served 


idual circuits. Services that are duplicated are to be 
length as widely as is 


a Section 7 
Scope 
1.1 General 
1.7.1 For the purposes of these Rules, a water jet propul- 


sion unit is described as a machine which takes in water, by 
means of a suitable inlet and conduit, and accelerates the 
mass of water using an impeller and nozzle to form a jet 
propulsion system. The water jet system comprises the unit 
and its associated actuation and control devices. The detail 
of the prime mover is excluded but not its effect on the water 
jet system. 


1.1.2 This Chapter defines the requirements for the 
design and service life of marine water jet propulsion systems 
and is to be read in conjunction with the requirements for 
Machinery and Engineering Systems in Pt 1, Ch 1 and Ch 2. 


7.1.3 The requirements for a fixed or steerable water jet 
propulsion system rated at 500 kW and above, which is 
integral with the ship’s hull structure and forms a means of 
main propulsion, are detailed in this Chapter. This includes 
support arrangements, controls and the systems necessary 
to maintain operation and functionality of the water jet unit. 


1.1.4 These requirements relate to water jets driven by 
axial or mixed flow pumps. Where units driven by radial flow 
pumps or inducers are proposed, details are to be submitted 
for consideration. 


| Section 2 
General requirements 
2.1 Water jet arrangement 
2.151 In general, for a ship to be assigned an unrestricted 


service notation, a minimum of two water jet systems is to be 
provided where these form the sole means of propulsion. For 
ships where a single water jet system is the sole means of 
propulsion or steering, a detailed engineering and safety 
justification is to be evaluated by LR, see 2.3.22. This 
evaluation process will include a risk assessment analysis, 
using a recognised technique, to verify that sufficient levels of 
redundancy and monitoring are incorporated in the water jet 
unit’s essential support systems and operating equipment. 


2.1.2 Water jet propulsion units are to be capable of 
continuous operation between their maximum and minimum 
output power rating at specified operating conditions, see 
Pt 1, Ch 2,4 and within the operational service profiles defined 
by 2.3.11 and 2.3.12. 


2.1.3 It is the Shipbuilder’s responsibility to ensure that 
all of the installed equipment is suitable for operation in the 
location and under the environmental conditions defined in 
Pt 1, Ch 2,4. Where anticipated environmental conditions are 
outside these limits or where additional conditions are to be 
considered, such as vibration and impulsive accelerations, 
requirements and details of compliance are to be submitted to 
LR. 


2.2 Plans to be submitted 


2.2.1 Plans, in triplicate, and information as detailed 
below and in 2.3 and 2.4, are to be submitted for consideration. 


2.2.2 General arrangement plans showing details of the 
following: 

(a) Shafting assembly indicating bearing positions; 

(b) Steering assembly; 

(c) Reversing assembly; 

(d) Shaft sealing arrangement assembly; 

(e) Longitudinal section of the complete water jet unit. 
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2:23 Detailed and dimensioned plans indicating scantlings, 
materials of construction and, where applicable, surface finish 
of the following: 

(a) Arrangement of the system, including the intended 
method of attachment to the hull and building-in, tunnel 
geometry, shell openings, method of stiffening, rein- 
forcement, etc; 


b) All torque transmitting components, including the shaft- 
ing system, impeller and stator if fitted; 

c) Steering components, together with a description and 
line diagram of the control circuit. This is to include steer- 
able exit water jet nozzles, where fitted; 

d) Components of the retractable buckets where these are 
used for providing astern thrust; 

e) The bearing or bearings absorbing the thrust and 
supporting the impeller, together with the method of 
lubrication; 

f) Details of any shafting support or guide vanes used in 


the water jet system. 


2.2.4 Schematic plans of the lubrication and hydraulics 
required for steering/reversing systems, together with pipe 
material, relief valves and the working pressures required. 


2.3 Calculations and information 

2.3.1 Strength calculations based on fatigue considera- 
tions incorporating the maximum continuous torque rating 
and the most ‘onerous’ operating condition, see 2.3.12, 
including any short-term high power operation, and including 
the effects of mean and fluctuating loads, transitory loadings, 
residual stress allowances, and stress raisers, for the following 
components: 

Impeller, stator and any bolting arrangements supporting 
propulsion or steering loads; 

Shaft supports and coupling arrangements; 

Inlet guide vanes, if fitted; 

Steering components, including the lugs of steerable 
nozzles, where fitted; 

Retractable buckets and associated mechanisms which 
are used to provide astern thrust. A calculation of the 
hydrodynamic transient loads is to be made for each 
design and is to include the full ahead to full astern 
condition. The calculation procedure used is to be 
supported, where possible, with full scale or model test 
data, or satisfactory service experience, to validate the 
design method. 


2.3.2 Calculations supporting the connection method of 
the impeller to the shaft, including details of the fit, push-up, 
securing, bolting arrangements, etc. In addition, where 
lengths of shafts are joined using couplings of the shrunk 
element type, full particulars of the method of achieving the 
grip force. 


2.3.3 Calculations relating to the design of the shaftline 
as evidence of compliance with Pt 3, Ch 2. 


2.3.4 Torsional vibration calculations of the complete 
dynamic system, in accordance with the relevant require- 
ments included in Pt 5, Ch 1. 


2.3.5 Shaft lateral vibration calculations, where required 
by Pt 5, Ch3. 
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2.3.6 
structure. 


Calculations of the tunnel strength and supporting 


2.3.7 A calculation to determine the stresses within the 
impeller blade. 


2.3.8 A calculation of the blade natural frequency for the 
impeller blades. 


2.3.9 A calculation of the relative blade passing frequency 
between the rotor and stator blades. 


2.3.10 The value of the fluctuating stresses during one 
revolution of the impeller and from transient loadings. 


2.3.11 Details of the power/speed range of operation, 
indicating the maximum continuous torque rating, together 
with the associated thrusts; this information may be presented 
in the form of a characteristic curve for the water jet. 


2.3.12 The water jet thrust for the assessment of the 
strength condition being considered is to be as follows: 

(a) For ships which are intended to operate predominantly in 
a free-running condition and at steady service condi- 
tions, the water jet thrust is to correspond to the 
absorption of the maximum continuous shaft power and 
corresponding revolutions per minute, giving the maxi- 
mum torque for which the shaft system is approved. 
For ships which are designed for several operating 
conditions, the maximum thrust associated with these 
conditions and the absorption of the corresponding 
power, in addition to the maximum continuous powering 
condition, are to be used in the calculation. 

The justification for the thrust selected is to be submit- 
ted for consideration in the approval process and this is 
to include the ship type and the ship speed at the condi- 
tions considered. 


2.3.13  Ajustification that the water jet system will meet the 
self-priming criteria, see 3.1.6. 


2.3.14 Specifications of materials and NDE procedures for 
components essential for propulsion and steering operation 
and, in the case of the impeller and stator, the yield strength 
and the fatigue characteristics of the material intended for 
their manufacture. 


2.3.15 —Adetailed weld specification where an impeller has 
welded blades. 


2.3.16 Full details of the means of corrosion protection in 
the case of carbon or carbon manganese steel shafts. 
Alternatively, where it is proposed to use composite shafts, 
details of the connections at flanges, materials, resin, lay-up 
procedures, quality control procedures and documentary 
evidence of fatigue endurance strength are to be provided. 


2.3.17 Dry impeller mass and polar moment of inertia. 
2.3.18 — The prime mover type and designation. 
2.3.19 Details of the control engineering aspects of the 


system design, in accordance with Pt 9, Ch 1. 
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2.3.20 The tolerance specification, agreed between the 
manufacturer and the Shipbuilder or Owner, to which the 
components of the unit are to be manufactured, is to be 
defined together with a justification. 


2.3.21 Details of the water jet’s loading reactions, together 

with the positions of application within the hull; they are to 

include the maximum applied thrust, tunnel pressures, 

moments and forces imposed on the ship. 

2.3.22 The water jet unit’s rated flow and head. 

2.3.23 Where an engineering and safety justification report 

is required, the following supporting information is to be 

submitted: 

e A Failure Mode and Effects Analysis report (FMEA), see 
2.4. 

e —_ Design standards and assumptions. 

e Limiting operating parameters. 

e <Astatement and evidence in respect of the anticipated 
reliability of any non-duplicated components. 


2.3.24 Recommended installation, inspection, mainte- 
nance and component replacement procedures. These are to 
include any in-water engineering procedures, where recom- 
mended by the water jet manufacturer. 


2.3.25 — All transient loads which the steering unit is likely to 
experience from manoeuvring, accelerating, decelerating and 
the sea conditions. 


2.4 Failure Mode and Effects Analysis (FMEA) 
2.4.1 An FMEA is to be carried out where a single water 
jet system is the ship’s sole means of propulsion, see 2.2.3. 
The FMEA is to identify components where a single failure 
could cause the loss of all propulsion and/or steering 
capability and the proposed arrangements for preventing and 
mitigating the effects of such a failure. 


2.4.2 The FMEA is to be carried out using the format 
presented in Table 2.17.1 in Pt 1, Ch 2,17 or an equivalent 
format that addresses the same reliability issues. Analyses in 
accordance with IEC 60812 Analysis for System Reliability — 
Procedures for Failure Mode and Effects Analysis, or the IMO 
Code of Safety for High Speed Craft, 2000, Annex 4 - 
Procedures for Failure Mode and Effects Analysis, would be 
acceptable. 


2.4.3 The FMEA is to be organised in terms of equipment 
and function. The effects of item failures at a stated level and 
at higher levels are to be analysed, to determine these effects 
on the system as a whole. Actions for mitigation of the effects 
of failure are to be determined, see 2.4.1. 

2.4.4 The FMEA is to: 

identify the equipment or sub-system and mode of oper- 
ation; 


(b) identify potential failure modes and their causes; 

(c) evaluate the effects on the system of each failure mode; 

(d) identify measures for reducing the risks associated with 
each failure mode; 

(e) identify measures for preventing failure; and 

(f) identify trials and testing necessary to prove conclusions. 


2.4.5 At sub-system level it is acceptable, for the 
purposes of these Rules, to consider failure of equipment 
items and their functions. It is not required that the failure of 
components within that equipment item be analysed, see 
Pt 1, Ch 2,17.1.5. 


2.4.6 Where a FMEA is used for consideration of systems 
that depend on software-based functions for control or 
co-ordination, the analysis is to investigate failure of the 
functions rather than a specific analysis of the software code 
itself. 


a Section 3 
Design requirements 
3.1 General 
3.1.1 The arrangement of water jet units is to be such 


that the ship can be satisfactorily manoeuvred to a declared 
performance capability. The operating conditions covered are 
to include the following: 

(a) Maximum continuous shaft power/speed to the impeller 
in the ahead condition at the declared steering angles 
and conditions. 

Manoeuvring speeds of the impeller shaft and/or reversing 
mechanism in the ahead and astern direction at the 
declared steering angles and sea conditions. 

The ability of the machinery to reverse the direction of 
thrust of the propeller in sufficient time, under normal 
manoeuvring conditions, and so bring the ship to rest 
from maximum service speed. Results of the trials are to 
be recorded. 

Astern running conditions for the ship. 


(b) 


(c) 


(d) 


3.1.2 The mean loadings are those loadings induced by 
the water jet absorbing the mean torque supplied by the prime 
mover. 


3.1.3 Fluctuating loads are defined as those loads which 
occur during one revolution of the impeller due to cyclic 
variations. For example, the spatial flow variations and 
torsional vibration at nominally steady state operating conditions. 


3.1.4 Transient loads are defined as those loadings 
resulting from acceleration and deceleration of the ship, 
manoeuvring, seaway conditions and other similar forms of 
loading. This also includes any significant back-pressure 
effects developed from the operation of the reversing bucket, 
if fitted. 


3.1.5 To ensure self-priming of the water jet unit, the 
shaft centreline of the unit is to be lower than the light draught 
static waterline of the ship. In cases where this is either 
impracticable or undesirable, the distance of the impeller shaft 
centreline above the ship’s light draught waterline is to be less 
than or equal to 10 per cent of the pump inlet diameter. 


3.1.6 Provision is to be made to allow for the in-service 
visual inspection of the complete blade surfaces of both the 
impeller and stator blades, using either a direct visual or 
borescope inspection technique. 
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3.2 Shaftline 

3.2.1 The diameter of the shaftline components is to 
comply with Pt 8, Ch 2. For calculation purposes, the shaft 
carrying the impeller is to be taken as equivalent to a screw- 
shaft. 


3.2.2 Where it is proposed to use carbon or carbon 
manganese steel shafts which may be in contact with sea- 
water, these are to be protected. 


3.2.3 The diameter of unprotected screwshafts of corro- 
sion-resistant material is not to be less than that given in 
Pt 3, Ch 2,4.4.7. 


3.2.4 The use of composite shafts is permitted, see 
2.3.16. 
3.2.5 Where lengths of shafts are joined using couplings 


of the shrunk element type, a factor of safety, based upon the 
mean plus the vibratory and transient torques, against slippage 
of 2,0 is to be achieved for couplings which are located 
inboard and 2,5 for couplings which are located outboard. 


3.2.6 Where shaftline components are bolted together, a 
factor of safety of 1,5 is to be achieved for the design of the 
bolted connection when considered in the context of the 
mean, fluctuating and transitory loadings. 


3.2.7 If a keyed fitting of the impeller to the shaft is 
contemplated, then the requirements of Pt 3, Ch 2,4.12 are to 
be satisfied. 


3.2.8 Where it is proposed to fit a keyless impeller, the 
fitting is to comply with the requirements of Pt 5, Ch 7,3.2 of 
the Rules and Regulations for the Classification of Ships, as 
applicable, excluding the requirements for Ice Class. Use of 
the words ‘propeller’ and ‘screwshaft’ are to be taken as 
meaning ‘impeller’ and ‘impellershaft’, respectively. 


3.3 Shaft support system and guide vanes 

3.3.1 In cases where the shaft requires support from the 
tunnel walls ahead of the impeller or, alternatively, where 
guide vanes are required to assist the flow around a bend in 
the ducting system, the supports or guide vanes are to be 
suitably aligned to the flow and have suitably rounded leading 
and trailing edges or be of an aerofoil section. 


3.3.2 In general, the fillet radius should be greater than or 
equal to the maximum thickness of the vane or support at that 
location. Smaller radii may be considered, for which the 
results of an approved measurement programme or calcula- 
tion procedure are to be submitted. In all cases, a factor of 
safety of at least 1,5 is to be demonstrated for the maximum 
designed operating conditions. 


3.3.3 A facility for the inspection of the supports or guide 
vanes is to be provided which will allow either direct visual or 
borescope inspection of these components and their transition 
to other members. 
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3.4 Impeller 

3.4.1 A calculation to determine the stresses within the 
impeller blades is to be carried out, which takes into account 
the mean blade loading, fluctuating loadings, transient loads 
and centrifugal force. The computations may be accom- 
plished by either classical methods or numerical analysis. 
Designs of water jet systems which have been based on a 
combination of computational fluid dynamics and finite 
element methods will be considered. However, it will be 
necessary to demonstrate to the satisfaction of LR that the 
formulation of the methods used has been correlated with 
previous full scale measurement or other calculation experi- 
ence. 


3.4.2 For the purposes of the calculation required by this 
sub-Section, the fluctuating stresses during one revolution of 
the impeller is to be taken as 20 per cent of the maximum 
mean stress, and the stresses from transient loadings are to 
be taken as 15 per cent of the hydrodynamic mean stress, 
unless otherwise specified by the designer. 


3.4.3 The fatigue assessment of the impeller blades is to 
be based on the stress in the root sections, excluding the 
influence of the blade root fillets. This assessment is to include 
the following components: 

e the maximum stresses derived from the mean loading, 
including both the hydrodynamic and centrifugal compo- 
nents; 

e the amplitude of the fluctuating stresses during one revo- 
lution of the impeller; 

e the stresses derived from transient loading and an 
allowance for any residual stresses in the material. 

It is permissible to combine the variable components of stress 

in a linear fatigue damage accumulation assessment procedure. 

A factor of safety of at least 1,5 against fatigue failure is to be 

demonstrated for the maximum continuous rating condition 

or any other more onerous condition, see 3.1.1. 


3.4.4 In general, the fillet radius is to be greater than the 
maximum thickness of the impeller blade at that location. 
Composite radiused fillets or elliptical fillets which provide an 
improved stress concentration factor are preferred. 


3.4.5 Where an impeller has bolted-on blades, consider- 
ation is to be given to the distribution of stress in the palms of 
the blade and in the boss and bolting arrangements. 


3.4.6 Where an impeller has welded blades, the welds 
are to be of the full penetration type or of equivalent strength. 
Where laser welding is to be used, details are to be submitted 
for consideration. 


3.4.7 The blades are to be provided with hydrodynami- 
cally faired leading and trailing edges which may be either of 
simple radius or of a more complex aerofoil edge form. The 
tip clearance, whilst being kept to a minimum for hydrody- 
namic purposes, is to be sufficient to allow for any transient 
vibrational behaviour, axial shaft movement or differential ther- 
mal expansion. 
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3.4.8 A calculation of the blade natural frequency for the 
impeller blades is to be undertaken. The fundamental natural 
frequency in water of the blade is to be shown to lie outside 
any expected excitation frequencies within a speed range of 
the water jet unit and up to 10 per cent above the maximum 
impeller speed. 


3.5 Stator 

3.5.1 The stator blades, where fitted, are to be designed 
to be capable of withstanding the combined hydrodynamic 
mean, fluctuating, transient and mechanical loads, including 
any loads transmitted via shaft bearings, developed by the 
unit and reacted through the blades when the impeller is 
absorbing full power. Consideration is to be given to 
situations when the vessel is either free running or in a condi- 
tion specified by 3.1.1 or undergoing stopping, accelerating 
or decelerating manoeuvres. A factor of safety against 
mechanical failure by yielding of the blades of 1,5 is to be 
demonstrated. 


3.5.2 In general, the fillet radius is to be greater than the 
maximum thickness of the blade at that location. Composite 
radiused fillets or elliptical fillets which provide improved stress 
concentration factors are preferred. 


3.5.3 If the stator ring comprises a segmented assembly, 
then consideration is also to be given to the distribution of 
stress in the various adjacent members of the overall assem- 
bly. 


3.5.4 A calculation of the relative blade-passing 
frequency between the rotor and stator blades is to 
demonstrate that this does not coincide with the natural 
frequency of the stator blades over the speed range of the 
water jet unit and up to 10 per cent above maximum impeller 
speed. 


3.5.5 The stator blades are to be provided with hydrody- 
namically faired leading edges which may have either a simple 
radius or a more complex aerofoil edge form. 


3.5.6 Where the stator blading assembly forms part of 
the nozzle, the requirements of 3.7 are to be considered in 
association with those for the stator assembly. 


3.6 Tunnel and securing arrangements 

3.6.1 The tunnel is to be adequately supported, framed 
and fully integrated into the hull structure. The critical loca- 
tions and integrity of the supports and framing are to be as 
specified in the FMEA and agreed by the Shipbuilder and LR. 


3.6.2 The tunnel and supporting structure scantlings are 
to be not less than the Rule requirements for the surrounding 
structure. The strength of the hull structure in way of tunnel(s) 
is to be maintained. The structure is to be adequately 
reinforced and compensated as necessary. All openings are 
to be suitably reinforced and have radiused corners. 


3.6.3 Consideration is to be given to providing the inlet to 
the tunnel with a suitable guard to prevent the ingress of large 
objects into the rotodynamic machinery. The dimensions of 
this guard, if fitted, are to strike a balance between undue 
efficiency loss due to flow restriction and viscous losses, the 
size of object allowed to pass and the susceptibility to clog 
with weed and other flow-restricting matter. 


3.6.4 The inlet profile of the tunnel is to be designed so 
as to provide a smooth uptake of the water over the range of 
vessel operating trims and avoid significant separation and/or 
cavitation of the flow which may then pass downstream into 
the rotating machinery. 


3.6.5 Design consideration is to take account of pres- 
sures which could develop as a result of a duct blockage, as 
well as in relation to the axial location of rotating parts. 


3.6.6 The strength of the tunnel and supporting structure 
is to be examined by direct calculation procedures. 


3.7 Nozzle/steering arrangements 


3.7.1 In general, the steering systems and components 
are to comply with the requirements of Pt 6, Ch 1. 


3.7.2 Nozzles can be either of a fixed or steerable form. 
The design of the nozzle is to take into account fully the 
change in pressure distribution along its inner surface, 
together with the other mechanical loads (e.g. stator assem- 
bly loads) and transient loads caused by the flow directing 
attachments which may be reacted through the body of the 
nozzle. In this analysis, the changes to the pressure distrilbu- 
tion caused by transient manoeuvres are to be considered. 


3.7.8 In addition to the requirements of Pt 6, Ch 1, the 
steering mechanism and bucket are to be capable of main- 
taining the manoeuvrability of the ship in terms of turning 
circle, zig-zag and stopping requirements within the limits 
defined by IMO Resolution MSC.137(76), Standards for Ship 
Manoeuvrability. 


3.7.4 Consideration is to be given to all transient loads 
which the steering unit is likely to experience from manoeu- 
vring, accelerating, decelerating and the sea conditions. 


3.7.5 The nozzle/bucket is to be given mechanical 
protection by the Shipbuilder from other impact damage such 
as collision. 


3.8 Bolts 


3.8.1 Detailed consideration and analysis is to be given 
to essential bolting arrangements in critical locations, as spec- 
ified in the FMEA, and where indicated by the manufacturer 
or Shipbuilder and agreed by LR. These are to include bolts 
used in the securing of blades or guide vanes, assembly of 
the unit in the ship and any conduit components. 
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|_| Section 4 
Piping systems 


4.1 General 


4.1.1 The piping systems for a water jet unit are to 
comply with the general requirements of Pt 7, Ch 1. 


4.1.2 Lubricating and hydraulic oil systems and standby 
arrangements are to comply with the requirements of Pt 7, Ch 3; 
in addition, steering hydraulic systems are to comply with the 
applicable requirements of Pt 6, Ch 1. 


a Section 5 
Control and monitoring 


5.1 General 


5.7.7 In addition to this Section, the control engineering 
systems are to comply with Pt 9, Ch 1. 


5.1.2 For water jets used as the only means of propulsion 
and steering, a standby or alternative power source for the 
actuating device that controls the angular position and/or the 
reversing angle is to be provided. Automatic start of the 
standby pump supplying hydraulic power for steering and 
reversing is to be provided. 


5.1.3 Means are to be provided at each control station to 
stop each water jet. 

5.2 Monitoring and alarms 

5.2.1 In addition to the requirements of Pt 6, Ch 1, alarms 


and monitoring requirements are indicated in 5.2.2 to 5.2.4 
and Table 4.5.1. 


Table 4.5.1 Alarms 


Hydraulic system pressure 


Hydraulic oil supply tank level 


Lubricating oil temperature 


In forced lubrication 
systems 


Lubricating oil pressure 


Lubricating oil tank level 


Where a tank is provided 


Ratio of jet rom/vessel speed Only if installed power per 


jet > 4 MW 


Control system failure Includes follow-up failure 
of steering or reversing 


system 


5.2.2 An indication of the angular position of the nozzle 
is to be provided at each station from which it is possible to 
control the direction of thrust from the units. 
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5.2.3 An indication of both the required and actual 
reversing bucket position is to be provided at each station 
from which it is possible to control the reversal of thrust. 


5.2.4 All alarms associated with water jet unit faults are 
to be indicated individually at the control stations and in 
accordance with the alarm system specified by Pt 9, Ch 1. 


a Section 6 

Electrical systems 
6.1 Installation and distribution arrangements 
6.1.1 The electrical installation is to comply with the 


relevant sections of Pt 10, Ch 1. 


6.1.2 Water jet auxiliaries and controls are to be served 
by individual circuits. Services that are duplicated are to be 
separated throughout their length as widely as practicable and 
without the use of common feeders, transformers, converters, 
protective devices or control circuits. 


a Section 7 
Inspection, testing and fitting of 
water jets 

7.1 General 

Ft The finished impeller is to be statically balanced on 


completion of the manufacturing process, and is to meet the 
requirements of ISO 1940 Grade G6,3 or an alternative 
standard acceptable to LR. In the case where the blade tip 
speed is greater than 60 m/s, dynamic balancing is required, 
unless otherwise agreed by the manufacturer and LR. 


TAS The following tests, markings and inspections are 
to be carried out in the presence of the Surveyor: 


(a) The balancing of the impeller or the blades. 

(bo) Non-destructive examination of the impeller blades and 
the principal component parts of the propulsion system; 
see Ch 4,8 for austenitic stainless steels and Ch 8,3 for 
aluminium alloys of the Rules for Materials. 

(c) The quality of the fit of the impeller boss on the shaft 
taper. 

(d) The fitting of the impeller to the shaft and its subsequent 
functional testing. 

(e) The finished surfaces of the impeller boss, conical bores, 
fillets, cones and blade surfaces are to be shown to 
conform to the tolerances specified on the impeller 
drawing. 

7.1.3 Bolts and nuts in critical locations, as specified in 


the FMEA and where indicated by the manufacturer or 
Shipbuilder and agreed by LR, are to be equipped with 
adequate securing arrangements to the satisfaction of the LR 
Surveyor. 
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7.2 Shop tests and installation of water jet 
systems 
7.2.1 The completed water jet unit is to undergo a tight- 


ness test in which an internal hydrostatic pressure of 1,5 bar 
above the maximum working pressure of the unit is to be 
applied. 


7.2.2 In cases where the impeller is fitted to the shaft 
using an interference fit, the bedding of the impeller with the 
shaft is to be demonstrated in the shop to the satisfaction of 
the LR Surveyor. Sufficient time is to be allowed for the 
temperature of the components to equalise before bedding. A 
contact marking between the bore of the impeller boss and 
the shaft surface of better than 80 per cent is to be 
demonstrated when the contact marking ink is spread thinly 
on the surface of the shaft. Alternative means for demon- 
strating the bedding of the impeller will be considered. 


7.2.3 Means are to be provided to indicate the relative 
axial position of the impeller boss on the shaft. Permanent 
reference marks are to be made on the impeller boss, shaft 
and any nut to indicate angular and axial positioning of the 
impeller. Care is to be taken in marking the inboard end of the 
shaft taper to minimise stress-raising effects. 


7.2.4 A copy of the fitting curve, relative to temperature, 
and means for determining any subsequent movement are to 
be placed on board. 


7.2.5 The impeller running clearances are to be checked 
following the installation of the unit in the ship. 


7.2.6 The thrust bearing clearances in the water jet 
system are to be verified against the required design values. 
This is to be done following the installation of the unit in the 
ship. 


7.2.7 The piping systems are to be adequately flushed in 
accordance with the manufacturer’s recommendations and 
the final levels of contamination recorded. Similarly, pressure 
testing of the piping systems is to comply with Pt 7, Ch 1. 


7.3 Sea trial requirement 

7.3.1 The following requirements are to be complied with: 
e Pt 1, Ch 2,16 for sea trials. 

e = =6©°Pt 1, Ch 2,15.4 for steering trials. 

In addition, the general design capability specified in 3.1.1 is 
to be demonstrated to the Surveyor’s satisfaction. 


7.3.2 The control systems relating to the correct func- 
tioning of the water jet are to be the subject of harbour and 
then sea trials. Demonstration of the requirements of Pt 9, 
Ch _1 is required and the design combinations of control func- 
tions are to be undertaken during the trials programme. 


7.3.3 On sea trials and under free running conditions, the 
relationship between ship speed and impeller rotational soeed 
is to be verified against the water jet’s design basis. 


7.3.4 Any trials and testing identified from the FMEA 
report, see 2.4.4, are to be carried out. 


a Section 8 
Installation, maintenance and 
replacement 

8.1 General 

8.1.1 All water jet system propulsion units are to be 


provided with a copy of the manufacturer’s installation and 
maintenance manual that is pertinent to the actual equipment. 
See 2.3.24. 


8.1.2 The manual required by 8.1.1 is to be placed on 

board and is to contain the following information: 

(a) Description of the water jet propulsion system with 
details of function and design operating limits. This is 
also to include details of support systems such as 
lubrication, cooling and condition monitoring arrange- 
ments. 
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Identification of all components together with details of 
any that have a defined maximum operating life. 
Instructions for installation of the system on board ship, 
with details of any required specialised equipment. 
Instructions for commissioning at initial installation and 
following maintenance. 

Maintenance and service instructions to include inspec- 
tion/renewal of bearings and sealing arrangements. This 
is also to include component fitting procedures, clear- 
ance measurements and lubricating oil treatment, where 
applicable. 

(f) | Actions required in the event of fault/failure conditions 
being detected. 

Precautions to be taken by personnel working during 
installation and maintenance. 


Volume 2, Part 4, Chapter 4 
Podded Propulsion Units 


Effective date 1 January 2012 


a Section 7 
Scope 
1.1 Application 
1.7.3 The requirements of this Chapter relate to podded 


propulsion units powered by electric propulsion motors (and 
are in addition to the requirements for Electric Propulsion in 
Pt 10, Ch 1,16 and other relevant Sections). Podded propulsion 
units with other drive arrangements will be subject to individual 
consideration. 


a Section 2 

General requirements 
2.5 Failure Modes and Effects Analysis (FMEA) 
2021 An FMEA is to be carried out where a single 


podded propulsion unit is the vessel’s sole means of propulsion, 
see 2.1.1. The FMEA is to identify components where a single 
failure could cause loss of all propulsion and/or steering capa- 
bility and the proposed arrangements for preventing and 
mitigating the effects of such a failure. The assessment 
required by Pt 10, Ch 1,16.2.2 may be considered for demon- 
strating the acceptability of the proposed design for 
propulsion power purposes. 
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3) Section 7 
Electrical equipment 
7.1 General 
7.1.4 Details are to be submitted to demonstrate the suit- 


ability of cables and busbars intended to operate at 
temperatures exceeding 95°C, see Pt 10, Ch 1,7.2.2 and 
WAS. 


7.2 Slip rings 

7.2.1 Where slip rings are incorporated in the design, the 
details of the following are to be submitted for consideration: 
(a) temperature rise test reports; 

(6) maximum permitted temperature ratings and design 
operating temperatures for materials; 

where applicable, arrangements for forced air or liquid 
cooling; 

for data communication link slip rings, evidence to 
demonstrate compliance with Pt 9, Ch 1,2.11.8; 
suitability for use under the conditions of vibration 
expected to arise in normal operation; 

(f) evidence of satisfactory operation under the normal 
angles of inclination given in Pt 10, Ch 1,1.10; 

cable securing arrangements; and 

evidence of electromagnetic compatibility of control, 
alarm and safety systems with power circuits. 


7.2.2 Where forced cooling is used on slip rings, an alarm 
is to be initiated to indicate the failure of the forced cooling 
and it is to be possible to operate the slip ring at a reduced 
power level defined by the manufacturer in the event of failure 
of the forced cooling. 
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B Section 8 8.2 Monitoring and alarms 
Control engineering systems 8.2.1 The requirements for alarms and monitoring 
arrangements arrangements are to be in accordance with Pt 6, Ch 1,8.1 and 


Table 4.8.1. These alarms are in addition to the requirements 


8.1 General of Pt 10, Ch 1,16. 


8.1.3 Steering control is to be provided for podded drives 


from the navigating bridgethe-mrain-mrachinercentretstation 


and locally. 


Table 4.8.1 Specific_alarms-forped-centrel systems Additional alarms and safeguards for podded propulsion units 


Item Note 


Podded drive azimuth angle Indicator, see 8.1.4 


Propulsion motors To be indicated on the navigating bridge 


Power supply failure 


See also 8-2-8 Pt 10, Ch 1,16.4.9 
To be indicated on the navigating bridge 


Propulsion motor power limitation or automatic reduction Activated 
Hydraulic oil system pressure Low 
Bearing temperature igh For grease lubricated bearings 


otor temperature igh See Pt 10, GA+5-4+-4 Ch 1,16.1.4 


Lubricating oil supply pressure 


Lubricating oil temperature 

Lubricating oil tank level for motor bearings 
Water in lubricating oil for motor bearings 
jotor cooling air inlet temperature 


jotor cooling air outlet temperature 


jotor cooling air flow 


Shaft bearing vibration monitoring 


If separate forced lubrication for shaft bearings; to be 
indicated on the navigating bridge 


See also Pt 10, Ch 1,16.5.9 
Required for single podded propulsion units only 


See 6.3.10. Monitoring is to allow bearing condition to 


be gauged using trend analysis 


Shaft sealing Water ingress See 6.3.13 


Alarm set to indicate a frequency or duration exceeding 
that which would normally be expected 


igh 1st stage high _ 
2nd stage high Propulsion motor is to shut down automatically, 
See Note 


Dry space water pump operation Abnormal 


Dry space water level 


Slip ring forced cooling Failure See 7.2.2 


NOTE 
The second stage dry space water level high alarm is not needed where the electrical equipment installed within the pod is suitable for 
operation in flooded spaces, see 6.8.1. 
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Volume 2, Part 6, Chapter 1 
Steering Gear 


Effective date 1 January 2012 


a Section 8 
Monitoring and alarms 


8.1 Monitoring 


8.1.1 Alarms and monitoring requirements are indicated 
in S9+2-8-+3 8.1.2 to 8.1.4 and Table 1.8.1. 


8.1.4 Steering control systems are to be monitored and 

an audible and visual alarm is to be initiated on the navigation 

bridge in the event of: 

e failure of the control system, including command and 
feedback circuits; or 

° unacceptable deviation between the rudder order and 
actual rudder position and/or unacceptable delay in 
response to changes in the rudder order. 


Table 1.8.1 Alarms (Part only shown) 


Item Alarm Note 


Angular position of the = Indication, see 8.1.2 
Steering Mechanism Failure See 8.1.4 


Steering power units, Failure — 
power 


Steering motors Overload For alarm and running 
Single indication locations, 
phase see 7.1.2 and 7.1.3 


Control system Failure See 8.1.4 
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Volume 2, Part 7, Chapter 1 
Piping Design Requirements 


Effective date 1 January 2012 


| Section 5 
Pipe connections 


5.10 Mechanical connections for piping 


Table 1.5.3 Application of mechanical joints (Part only shown) 


Kind of connections 


Systems 
Pipe unions Compression Couplings (6) Slip-on Joints 


Sea-water 


Bilge lines 

Fire-aain HP sea-water and water spray 
Foam system 

Sprinkler system 

Ballast system 

Cooling water system 

Tank cleaning services 

Non-essential systems 


teehee eet 
tee tee eet 


Fresh water 


Cooling water system 

Chilled water systems 

Condensate return 

Made water and demineralised water system 
Non-essential system 


Sounding/vent 


Water tanks/Dry spaces 
Oil tanks (f.p.> 60°C) 
Intakes and uptakes (8) 
HVAC trunking (8) 


Miscellaneous 


SET eee 


Semice-air-tror-essertiah 

High pressure (HP) air systems (1) 

Medium pressure (MP) air systems (Starting air) (1) 
Low pressure (LP) air systems (incl. Control air) (1) 
Brine 

CO» system 

Nitrogen system 

Steam 


tlh ++ bte ttt 
tlh ++ be ttt 


NOTES 
8. Requirements for HVAC trunking or gas turbine updates and intakes are addressed in the relevant Sections of the Rules. 


a Section 11 
Plastic-pipi ' 
Pipe connections 


11.4 Fire performance criteria 


11.4.1 Where plastics pipes are used in systems essential 
to the safe operation of the ship, or for containing combustible 
liquids or sea-water where leakage or failure could result in 
fire or in the flooding of watertight compartments, the pipes 
and fittings, including couplings with flexible internal seals, are 
to be of a type which has been fire endurance tested in accor- 
dance with the requirements of Table 1.11.3. 
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Volume 2, Part 7, Chapter 2 
Ship Piping Systems 


Effective date 1 January 2011 


a Section 1 
General requirements 
1.2 Plans and particulars 
1.2.1 At least three copies of the following plans (in 


diagrammatic form) and particulars are to be submitted for 

approval. Additional plans should not be submitted unless the 

arrangements are of a novel or special character affecting 
classification: 

e Arrangements of air pipes and closing appliances to 
tanks and enclosed spaces. 

e Sounding arrangements for all tanks and enclosed 
spaces. 

e — Arrangements of level alarms fitted in tanks, machinery 
spaces and any other spaces. 

e Arrangements of any cross-flooding or heeling tank 
systems. 

° Bilge drainage and dewatering arrangements to all 
compartments which are to include details of location, 
number and capacity of pumping units on bilge and 
dewatering service. 

Ballast filling and drainage arrangements. 

e — Tank overflow arrangements. 

° Details verifying compliance with the sizing of air pipes 

required by 10.8. 

° Details verifying compliance with 10.3.3 for tanks that 
can be replenished at sea with design ship movements 
and filling rates stated. 

e Operating manuals and maintenance instructions are to 
be provided on board and submitted for information 
where requested by LR. The manuals are to include 
particulars, description, operating instructions and main- 
tenance instructions for all systems. 


| Section 10 

Air, overflow and sounding pipes 
10.6 Air pipe closing appliances 
10.6.4 Air pipe automatic closing devices are to be so 


designed that they will withstand both ambient conditions, as 
indicated in Pt 1, Ch 2,4.4 and 4.5, and designed working 
conditions, and be suitable for use at inclinations up to and 
including +40°. 


10.6.5 Aijir pipe automatic closing devices are to be 
constructed to allow inspection of the closure and the inside 
of the casing as well as changing the seals. 


10.6.6 — Efficient ball or float seating arrangements are to be 
provided for the closures. Bars, cages or other devices are to 
be provided to prevent the ball or float from contacting the 
inner chamber in its normal state, and made in such a way 
that the ball or float is not damaged when subjected to liquid 
impact due to a tank being overfilled. 
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10.6.7 Air pipe automatic closing devices are to be self- 
draining. 
10.6.8  Theclear area through an air pipe closing device in 


the open position is to be at least equal to the area of the inlet. 


10.6.9 In the case of air pipe closing devices of the float 
type, suitable guides are to be provided to ensure un- 
obstructed operation under all working conditions of heel and 
trim. 


10.6.10 The maximum allowable tolerances for wall thick- 
ness of floats are not to exceed +10 per cent of thickness. 


10.6.11 The inner and the outer chambers of an automatic 
air pipe head are to be of a minimum thickness of 6 mm. 


10.6.12 Casings of air pipe closing devices are to be of 
approved metallic materials, adequately protected against 
corrosion. 


10.6.13 For galvanised steel air pipe heads, the zinc coating 
is to be applied by the hot method and the thickness is to be 
70 to 100 microns. 


10.6.14 For areas of the head susceptible to erosion (é.g., 
those parts directly subjected to ballast water impact when 
the tank is being pressed up, such as the inner chamber area 
above the air pipe plus an overlap of 10° or more either side), 
an additional harder coating should be applied. This is to be 
an aluminium-bearing epoxy, or other equivalent coating, 
applied over the zinc. 


10.6.15 Closures and seats made of non-metallic materials 
are to be compatible with the media intended to be carried in 
the tank and in sea-water, and suitable for operating at 
ambient temperatures between —25°C and 85°C. 


10.6.16 The requirements do not apply to arrangements for 
refuelling underway. 
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Volume 2, Part 7, Chapter 3 
Machinery Piping Systems 


Effective date 1 January 2012 


| Section 1 
General requirements 
1.2 Plans and particulars 
(Part only shown) 
1.2.1 Three copies of the following plans (in diagrammatic 


form) and particulars are to be submitted for approval. 

Additional plans should not be submitted unless the arrange- 

ments are of novel or special character affecting classification. 

e Arrangements of flammable liquids used for pewer 
transmission, control and heating systems. 

e Arrangements of services for power transmission 
systems which are essential for safety or for the opera- 
tion of the ship at sea. 


e Arrangements and dimensions of all steam and thermal 
fluid pipes where the design pressure or temperature 
exceeds 16,0 bar (16,3 kgf/cm?) or 300°C, respectively, 
and the outside diameter exceeds 76,1 mm, with details 
of flanges, bolts and weld attachments, and particulars 
of the material of pipes, flanges, bolts and electrodes. 

e Operating manuals and maintenance instructions are to 
be provided on board and submitted for information 
where requested by LR. The manuals are to include 
particulars, description, operating instructions and main- 
tenance instructions for all systems. 


a Section 2 
Oil fuel - General requirements 
2.1 Flash point 


2.11 


Tanks and cofferdams 


2.11.1 Tanks containing oil fuel are to be separated from 
vehicle spaces, crew, embarked personnel, passenger and 
baggage compartments by a gastight and watertight bound- 
ary or a cofferdam which is suitably ventilated and drained. 
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| Section 3 
Oil fuel burning arrangements 
3.1 Oil burning units 
Sb fel All oil burning equipment is to be capable of oper- 


ating at defined power/rating levels where specified by the 
Naval Authority. Confirmation by the manufacturer of this 
capability is to be provided to LR, including the specified 
power/rating parameters, and operating and maintenance 
regimes. See also Pt 1, Ch 2,4.1.2. 


Existing paragraphs 3.1.1 to 3.1.4 have been renumbered 
8.1.2 to 3.1.5. 


3.1.6 In all dual oil fuel burning systems for boilers, the 
manufacturer of the combustion equipment is to ensure that 
the full system, including control and monitoring systems, is 
capable of continuous operation in all conditions for each fuel 
grade. 


Existing paragraphs 3.1.5 to 3.1.11 have been renumbered 
3.1.7 to 3.1.12. 


| Section 4 
Oil fuel pumps, pipes, fittings, 
tanks, etc. 

4.3 Relief valves on pumps 

4.3.1 All pumps which are capable of developing a 


pressure exceeding the design pressure of the system are to 
be provided with relief valves. Each relief valve is to be in 660 
closed circuit, i.e. arranged to discharge back to the suction 
side of the pump and effectively to limit the pump discharge 
pressure to the design pressure of the system. 


a Section 8 
Lubricating oil systems 
8.5 Maintenance of bearing lubrication 
8.5.2 For details of the requirements relating to the 


lubrication of bearings of electric generators and motors, see 
Pt 10, Ch 1,1.9 and Section 9. 
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Volume 2, Part 7, Chapter 4 
Aircraft/Helicopter/Vehicle Fuel Piping and Arrangements 


Effective date 1 January 2012 


a Section 2 
Refuelling facilities 


2.1 Fuel storage 


22128 Storage tanks are to be of an approved construc- 
tion and attention is to be given to inspection procedures, 
mounting and securing arrangements and electrical bonding 
of tanks and fuel transfer system. The internal surfaces of 
steel tanks are to be suitably coated with impervious paint to 
prevent corrosion. The coating is to comply with 2.5.1. 
Independent oil fuel tanks are to comply with the requirements 
of 2.2. Transportable tanks shall be specially designed for 
their intended use and equipped with suitable fittings, lifting 
and fixing arrangements and earthing, and should comply 
with the relevant Codes for the transportation of dangerous 
goods in ships. 


2.2 Independent oil fuel tanks 


Zan Where separate oil fuel tanks are permitted, their 
construction is to be in accordance with the requirements of 
2.2.2 to 2.2.6, see also SOLAS 1974 as amended Reg._Il- 
2/B4.2.2.3.2. 


2.2.2 In general, the minimum thickness of the plating of 
independent oil fuel tanks, where they do not form part of the 
structure of the ship, is to be 5 mm, but in the case of very 
small tanks, less than 500 litres, the minimum thickness may 
be 3mm. 


2.2.3 For rectangular steel tanks of welded construction, 
the plate thicknesses are to be not less than those indicated 
in Table 4.3.1. The stiffeners are to be of approved 
dimensions. 


2.2.4 The dimension given in Table 4.2.1 for the breadth 
of the panel is the maximum distance allowable between 
continuous lines of support, which may be stiffeners, wash- 
plates or the boundary of the tank. 


Table 4.2.1 Plate thickness of independent oil fuel 
tanks 


Head of bottom of tank to top of overflow pipe, in metres 


Thickness 
of plate, 2,5 3,0 3,7 43 4,9 
in mm 


Breadth of panel, 


525 


645 


770 


900 


1140 
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2.2.5 Where necessary, stiffeners are to be provided, 
and if the length of the stiffener exceeds twice the breadth of 
the panel, transverse stiffeners are also to be fitted, or, 
alternatively, tie bars are to be provided between stiffeners on 
opposite sides of the tank. 


B26 On completion, the tanks are to be tested by a 
head of water equal to the maximum to which the tanks may 
be subjected, but not less than 2,5 m above the crown of the 
tank. 

Zeuh Where independent tanks are for the storage of 
fuel with a flash point below 60°C, provisions are to be made 
for the measurement of oil fuel temperature at the pump 
suction pipe. 

222.3 Fuel pumping and filling 

Existing paragraphs 2.2.1 to 2.2.16 have been renumbered 
2.3.1 to 2.3.16. 

232.4  Refuelling aircraft/helicopters 

Existing paragraphs 2.3.1 to 2.3.5 have been renumbered 
2.4.1 to 2.4.5. 

242.5 Defuelling 

Existing paragraphs 2.4.1 to 2.4.2 have been renumbered 
2.5.1 to 2.5.2. 


252.6 Fuel contamination 


Existing paragraphs 2.5.1 to 2.5.2 have been renumbered 
2.6.1 to 2.6.2. 


Volume 2, Part 7, Chapter 5 & Part 8, Chapter 1 


Volume 2, Part 7, Chapter 5 
Ship Type Piping Systems 


Effective date 1 January 2011 


a Section 711 
Hydraulic power actuating 
systems 


11.1 General 


11.1.2 The arrangements for storage, distribution and 
utilisation of hydraulic and ether flammable oils employed 
under pressure in power transmission systems, control and 
actuating systems and-heating-systems_intocations whore 
racanc-otigniticn-aro-oresent, heating systems and hydraulic 
media in systems which are providing essential services, are 
to comply with the provisions of Ch 3, 2.9.3, 2.9.4, 2.9.5, 4.2, 
4.3, 4.5, 4.11 and 4.16 where applicable. 


Volume 2, Part 8, Chapter 1 
Steam Raising Plant and Associated Pressure Vessels 


Effective date 1 January 2012 


a Section 18 
Control and monitoring 


18.2 Automatic and remote controls 


18.2.3 The following boiler services are to be fitted with 

automatic controls so as to maintain steady state conditions 

throughout the normal operating range of the boiler: 

(a) Combustion system. 

(b) Oil fuel supply temperature or viscosity, Reaa-ei-erty oil 
fuel grades requiring heating or cooling, as applicable. 

c) Boiler drum water level. 

d) De-aerator water level where applicable. 

e) Superheated steam pressure where applicable. 

f) |Superheated steam temperature where applicable. 

g) De-superheated steam pressure where applicable. 

h) De-superheated steam temperature where applicable. 
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Volume 2, Part 9, Chapter 1 
Control Engineering Systems 


Effective date 1 January 2011 


a Section 1 
General engineering systems 
1.2 Plans and information 
1.2.5 Programmable electronic systems. (In addition to 


the documentation required by 1.2.2.) 

System requirements specification. 

Details of the hardware configuration in the form of a 
system block diagram, including input/output schedules. 
Details of power supply and data storage arrangements, 
see 2.10.9 and 2426 2.13.6. 

Hardware certification details, see 2.10.5 and 242-3 
Paes. 

Software quality plans, including applicable procedures, 
see 24024 2.10.25. 

Factory acceptance, integration, harbour and sea trial 
test schedules for hardware and software. 

System integration plan, see 243-2 2.14.2. 

Failure Mode and Effects Analysis (FMEA), see 243-6 
2.14.5. 

1.2.6 For wireless data communication equipment: 
details of manufacturer’s installation and maintenance 
recommendations; 

network plan with arrangement and type of aerials and 
identification of location; 

specification of wireless communication system proto- 
cols and management functions, see 2.12.4; 

details of radio frequency and power levels, including 
details of those permitted by the National Administration. 


Existing paragraphs 1.2.6 to 1.2.10 have been renumbered 
1.2.7 to 1.2.11. 


i | Section 2 
Essential features for control, 
alarm and safety systems 

2.5 Control systems, general requirements 

2.5.5 Remote or automatic controls are to be provided 


with sufficient instrumentation (e.g. alarms and indications) at 
the relevant control stations to ensure effective control by duty 
personnel and to indicate that the system is functioning 
correctly. 


2.5.7 Failure of a control system is not to result in the loss 
of ability to provide essential services by alternative means. 
This may be achieved by manual control or redundancy within 
the control system or redundancy in machinery and equip- 
ment, see also 2.13.2. Instrumentation is to be provided at 
local manual control stations to ensure effective operation of 
the machinery by duty personnel. 
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2.10 Programmable electronic systems — General 


requirements 


2: WG 16 User interfaces are to 1 Be cocenee i gece genes 


enable timely access to aesirad information or Sentral at fune- 
tions. A system overview is to be readily available. 


2.10.20 Display units are to comply with the requirements 
of Htermaticonaltlecirotochnical-Commission—Standard 
an acceptable National or International Standard, e.g. IEC 
60950:499+-2005, Safet-otefermatier Information technol- 
ogy equipment — Safety, including electrical business 
equipment, in respect of emission of ionising radiation. 


2.10.21 SyrAbels-eecin-eimic-clagramc-arete-beisoathy 
: 4 

systeras—displays. The symbols used in mimic diagrams for 

the services listed in Pt 10, Ch 1,1.5.1 are to be consistent 

across all displays. 


2.11 Data communication links 

2.11.3 Loss of a data communication link is not to result 
in the loss of ability to operate any essential service by 
alternative means, see also 2422 2.13.2. 


2.11.7. System self-monitoring capabilities are to be 
arranged to initiate transition to a defined safe state for the 
complete installation in the event of data communication 
failure, see also 2.5.4. 


Existing paragraphs 2.11.7 to 2.11.10 have been renumbered 
2.11.8 to 2.11.11. 


2.12 Additional requirements for wireless data 
communication links 
2.12.1 The requirements of this sub-Section are in addi- 


tion to 2.11 and apply to systems incorporating wireless data 
communication links. 


2.12.2 Wireless data communication links are not to be 
used for safety critical systems or essential services that are 
required for the propulsion or safety of the ship, except as 
permitted by 2.12.3. 


2.12.3 For services which need not be in operation contin- 
uously, wireless data communication links may be considered 
where an alternative means of operation that can be brought 
into action within an acceptable period of time is provided. 
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2.12.4 Wireless data communication is to employ recog- 
nised international wireless communication system protocols 
that incorporate the following: 

(a) Message integrity: fault prevention, detection, diagnosis, 
and correction ensuring the received message is not 
corrupted or altered when compared to the transmitted 
message. 

Configuration and device authentication: is only to permit 
connection of devices that are included in the system 
design. 

Message encryption: protection of the confidentiality 
and/or criticality of the data content. 

Security management: protection of network assets, 
prevention of unauthorised access to network assets. 


2.12.5 The wireless system is to comply with the radio 
frequency and power level requirements of the International 
Telecommunications Union and any requirements of the 
National Administration with which the ship is registered. 


2.12.6 Compliance with different port state and local 
regulations pertaining to the use of radio-frequency transmis- 
sion that would prohibit the operation of a wireless data 
communication link, due to frequency and power level restric- 
tions, is not addressed by these requirements and is the 
responsibility of the Owner/Naval Authority and Operator. 


2-42 2.13 Programmable electronic systems — 
Additional requirements for Mobility category 
and safety critical systems 


Existing paragraphs 2.12.1 to 2.12.10 have been renumbered 
2.13.1 to 2.13.10. 


2-43 2.14 Programmable electronic systems - 
Additional requirements for integrated 
systems 


Existing paragraphs 2.13.1 to 2.13.7 have been renumbered 
2.14.1 to 2.14.7. 
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a Section 6 
Trials 
6.1 General 
6.1.4 Wireless data communication links are to be oper- 


ational and tested during trials. Tests are to demonstrate that 
radio-frequency transmission does not interfere with the oper- 
ation of equipment required by this Chapter or other Sections 
of the Rules and does not itself malfunction as a result of 
electromagnetic interference during expected operating 
conditions. Reversionary modes are to be activated to 
demonstrate continued safe and effective operation in the 
event of fault conditions. 


6.4 Integrated platform management system 
failure 
6.4.1 Where mobility type ship systems are operated 


through an Integrated Platform Management System (IMPS), 
a failure in the IMPS is not to render the ship’s system inop- 
erable and reversionary modes of operation are to be 
provided to ensure safe and graceful degradation and under 
these conditions any level of degraded performance should 
be defined and accepted by the Naval Authority. 


6.46.5 Record of trials 


Existing paragraph 6.4.1 has been renumbered 6.5.1. 
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Volume 2, Part 10, Chapter 1 
Electrical Engineering 


Effective date 1 January 2012 


a Section 7 
General requirements 


1.2 Plans 


LZ Where required by 8.1.1, the hazards resulting from 
electric arcs within electrical equipment and their conse- 
quences for personnel are to be identified, and at least the 
following supporting evidence is to be submitted: 

(a) system design; 

(b) operating philosophies, e.g. manual or automatic 

control, local or remote operation; 

(c) general arrangement plans for switchboards, section 

boards and distribution boards, see also 1.2.16; 

(d) general arrangement plans for the space in which the 
electrical equipment to be assessed is located, showing: 

e access to adjacent spaces; 

e the location of the electrical equipment; 

e ventilation arrangements for air conditioning 
and/or the extraction of smoke, gas and vapours 
resulting from electric arcs; 

e positions within the space in which the electrical 
equipment is located where personnel will be 
performing tasks, e.g. switching, equipment 
maintenance, instrument observation or cleaning, 
or where personnel could reasonably be 
expected to enter; 

e) calculations in accordance with 8.3; 

f) | system operating procedures; and 

g) details of defined additional safety measures to be taken 
during activities. 


aS ES 


Existing paragraphs 1.2.5 and 1.2.6 have been renumbered 
1.2.6 and 1.2.7. 


+24 1.2.8 Simplified circuit diagram of electrical 

propulsion system (where fitted) giving details of: 

(a) ratings of electrical machines, transformers, batteries, 
dynamic braking assemblies and semiconductor 
converters; 

(b) lubrication and cooling arrangements, where provided; 

4e}(c) insulation type, size and current loadings of cables; 

te}(d) make, type and rating of circuit breakers and fuses; 
4A\(e) instrumentation and protective devices; 

fe}(f) earth fault indication/protection; 

 (g) explaratior-ofthe-systerwith-details-efthe-propulsion 

control systems, and the procedures used to ensure that 
there is satisfactory control of the design in relation to 
the requirements of-Sec#en+6- 16.4; and 


h) harmonic analysis. 


= 
= 


Existing paragraphs 1.2.8 to 1.2.21 have been renumbered 
1.2.9 to 1.2.22. 


1.5 Definitions 
(Part only shown) 
ope! Essential services are those necessary for the 


propulsion and safety of the ship within the Mobility category 

and Ship Type category (see Pt 1, Ch 1,3) and include the 

following: 

e — scavenge blowers; 

e steam raising plant, where steam is required for other 
essential services; 

e steering gear; 


1.5.15 An ‘electric arc’ is an electrical discharge or a 
short-circuit through ionised air caused by isolation or 
insulation integrity failure. 


1.5.16 ‘Incident energy’ is the amount of energy 
impressed on a surface, a certain distance from the source, 
generated during an electric arc event. 


1.11 Location and construction 


7.11.8 The design of equipment is to enable ease of 
access to all parts requiring inspection or replacement in 
service. 


Existing paragraphs 1.11.8 to 1.11.10 have been renumbered 
LAT to LA 12 


1.11.12 To allow ease of access, connectors are to be 
spaced far enough apart to permit connection and discon- 
nection. At test points, adequate clearance is to be provided 
between connection points and controls to provide access 
for testing. 


Existing paragraphs 1.11.11 and 1.11.12 have been renum- 
bered 1.11.13 and 1.11.14. 


1.15 Labels, signs and notices 


eaiomel Labels, signs and notices required by this Chapter 
are to be positioned in clearly visible locations which will not 
be obscured. 


1.15.2 Labels, signs and notices are to be easy to read 
under the expected operating conditions. Character height in 
accordance with Table 1.1.1 will be considered to satisfy this 
requirement. 


Table 1.1.1 Character height and viewing distance 


Viewing distance (mm) Minimum character height (mm) 


Less than 500 2,3 
500-1000 


1000-2000 
2000-4000 
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1.15.3 Controls, indicators and displays required by this 
Chapter are to be labelled to indicate their function. Labels 
are to be positioned in a manner that associates the label with 
the item being labelled. 


1.15.4 Labels, signs and notices are to use short, clear 

messages. In general, warning signs and notices are to 

comprise: 

e aword signalling the gravity of the risk (e.g. Danger, 
Warning or Caution) 

e astatement of the nature and/or consequence of the 
hazard, and wherever practical, an instruction giving 
appropriate behaviour to avoid the hazard. 


445 1.16 Operation under flooding conditions 

Existing paragraphs 1.15.1 and 1.15.2 have been renum- 

bered 1.16.1 and 1.16.2. 

4461.17 Operation under fire conditions 

Existing paragraphs 1.16.1 to 1.16.4 have been renumbered 

1.17751 to 1217.4. 

4471.18 Protection of electrical equipment against 
the effects of lightning strikes 

Existing paragraph 1.17.1 has been renumbered 1.18.1. 

448 1.19 Electrical supplies to systems fulfilling 
military requirement 

Existing paragraphs 1.18.1 to 1.18.4 have been renumbered 

1.19.1 to 1.19.4. 

4491.20 Programmable electronic systems 


Existing paragraphs 1.19.1 and 1.19.2 have been renum- 
bered 1.20.1 and 1.20.2. 


a Section 6 
System design —- Protection 
6.13 Harmonic filters 
6.13.1 Harmonic filters’ final sub-circuits are to be 


protected individually against overload and short-circuit. 


6.13.2 An alarm is to be initiated in the event of protective 
device operation. 


6.13.3 Where parallel harmonic filters are used, an alarm 
is to be initiated in the event of current imbalance that could 
lead to failure of a harmonic filter. 
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a Section 7 
Switchgear and control gear 
assemblies 

7A General requirements 

7.1.1 Switchgear and control gear assemblies and their 


components are to comply with one of the following 
standards amended where necessary for ambient tempera- 
ture and other environmental conditions: 

(a) IEC 60489 61439: Low voltage switchgear and control 
gear assemblies; 

(b) IEC 62271-200: AC metal-enclosed switchgear and 
controlgear for rated voltages above 71 kV and up to and 
including 52 kV; 
veltages-above ti anc_up-te-ancinciicing 38 tak 
IEC 62271-201: High-voltage switchgear and control 
gear — Part 201: AC insulation-enclosed switchgear and 
control gear for rated voltages above 1 kV and up to and 
including 52 kV; 

IEC 60255: Electrical Relays; 

an acceptable and relevant National Standard; or 
specialised acceptable and relevant Naval Standards. 
In addition, the requirements of 7.2 to 7.19 are to be 
complied with. 


(Cc) 


7.12 Instrument scales 

7.12.5 — In general, indications provided by instrumentation 
which are displayed digitally are not to change more 
frequently than twice per second, or as agreed by the Naval 
Authority. 


|_| Section 8 
Protection from electric arc 
hazards within electrical 
equipment 

8.1 General 

Sof An assessment is to be carried out in accordance 


with 8.2.1 for all electrical equipment within which an arcing 
fault could occur, such as: 
e harmonic filters; 


° motor starter panels; 

e semiconductor converters; 

e switchboards, section boards and distribution boards; 
° transformers. 

8.2 Hazard identification and assessment 

8.2.1 An assessment is to be carried out to identify the 


hazards and their consequences for personnel resulting from 
electric arcs within the electrical equipment identified in 8.1.1. 
The purpose of the assessment is to demonstrate that the 
design incorporates adequate measures to reduce the risk of 
injury to personnel should an arcing fault occur within the elec- 
trical equipment, and that this will help to ensure both 
personnel and ship safety. 


Details of the following are to be submitted: 

(a) each task to be performed, e.g. switching, equipment 

maintenance, instrument observation or cleaning; 

the hazards to personnel that could result from an elec- 

tric arc occurring during each task, and the hazards to 

personnel that could result from the electric arc; 

(c) the methods to be used to help to prevent electric arcs; 

(d) the methods to be used to protect personnel from 
hazards resulting from electric arcs within electrical 
equipment. 


(b) 


8.3 Calculations to be submitted 

8.3.1 The following calculations are to be conducted and 
used in the hazard identification and assessment: 

(a) Calculations of the maximum current that would flow 
through an electric arc between each conductor and its 
adjacent conductor, and between each conductor and 
the exposed conductive parts of the enclosure, in the 
case of an arcing fault; 

The maximum incident energy at the intended working 
distance in the case of an arcing fault; 

The distance from each conductor at which the incident 
energy would be 5 Joules per centimetre squared in the 
case of an arcing fault when the enclosure door is open. 
These calculations may be made in accordance with IEEE 
Standard 1584, IEEE Guide for Performing Arc-Flash Hazard 
Calculations, or another relevant Standard acceptable to LR. 


(b) 


(Cc) 


8.4 Testing and trials 


8.4.1 It is to be demonstrated that, where provided, 
arrangements to detect arcing faults function correctly. 


a Section & 9 
Rotating machines 
849.1 General requirements 
9.1.11 | Ahigh bearing temperature alarm is to be provided 


where the following rotating machines are supplied with 
forced lubrication: 

e generators of 100 kW and above; and 

e electric propulsion motors. 


9.1.12 A low lubricating oil pressure alarm is to be 
provided for generators and electric propulsion motors that 
are supplied with forced lubrication. 


9.1.13 A high lubricating oil temperature alarm is to be 
provided for electric propulsion motors that are supplied with 
forced lubrication. 


Existing sub-Sections 8.2 to 8.5 have been renumbered 9.2 
to 9.5. 
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869.6 Machine enclosure 


8-6-4 9.6.1 Where-weater liquid-cooled heat exchang- 
ers are used in the machine cooling circuit there is to be 
provision-ferthe-detectiorn-oFwater to detect leakage of the 
liquid, and the system is to be arranged so as to prevent the 
entry of-water liquid into the machine. 


Existing sub-Section 8.7 has been renumbered 9.7. 


889.8 Survey and testing 
Existing paragraph 8.8.1 has been renumbered 9.8.1. 


8-82 9.8.2 In the case of duplicate machines, type tests of 
temperature rise, excess current and torque and commuta- 
tion taken on a machine identical in rating and in all other 
essential details may be accepted in conjunction with 
abbreviated tests on each machine. Type tests for propulsion 
machines will be specially considered, see a/so Section 16. 
For the abbreviated tests, each machine is to be run and is to 
be found electrically and mechanically sound and is to have a 
high voltage test and insulation resistance recorded. 


Existing paragraphs 8.8.3 and 8.8.4 have been renumbered 
9.8.3 and 9.8.4. 


|_| Section 9 10 


Converter equipment 
9410.1 Transformers 


Existing paragraphs 9.1.1 to 9.1.10 have been renumbered 
10.1.1 to 10.1.10. 


10.71.11 Transformers for propulsion power are to be 

provided with arrangements such that, in the event of 

excessive winding temperature, an alarm is initiated and: 

e _ the load is reduced to a level commensurate with the 
cooling arrangements; or 

e automatic shut-down of the transformer occurs. 


94+4+470.1.12 Where water liquid-cooled heat exchang- 
ers are used in transformer cooling circuits, there is to be 
provision ferthe-detectiorn-oFwater to detect leakage of the 
liquid, and the system is to be arranged so as to prevent the 
entry of water liquid into the transformer. 


Existing paragraph 9.1.12 has been renumbered 10.1.13. 
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te Section 10 17 
Electric cables and busbar 


trunking systems (busways) 


Existing sub-Section 10.1 has been renumbered 11.1. 


490.211.2 Testing 


(Part only shown) 

402-4 EZ Routine tests, consisting of at least: 

(d) for high voltage cables, partial discharge tests are to be 
made in accordance with the requirements of #e-+elevant 
IEC 60885-2, Electrical test methods for electric cables. 
Part 2: Partial discharge tests, or an acceptable National 
Standard, at the manufacturer’s works prior to 
despatch. 


Existing sub-Section 10.3 has been renumbered 11.3. 


40.4 11.4 Operating temperature 

Existing paragraph 10.4.1 has been renumbered 11.4.1. 
40-42 11.4.2 The maximum rated conductor temperatures 
for normal and short circuit operation, for the insulating materials 
included within the standards referred to in +0-+42 11.1.2 are 
not to exceed the values stated in Fable +40-2 Table 1.11.2. 
Existing paragraph 10.4.3 has been renumbered 11.4.3. 


Existing Table 1.10.1 has been renumbered Table 1.11.1, 


Type of insulating compound 
Normal 


operation Short circuit 


Thermoplastics: 

—Based upon polyvinyl 
chloride or co-polymer of 
vinyl chloride and vinyl 
acetate 

—Based upon polyethylené 


150 


130 


Elastomeric or thermogettings: 
—Based upon etb¥lene 
propylene rdber or 
similar (EY 


250 


—Based japon chemically 250 
crogslinked polyethylene 


—B6ed upon silicon rubber To be submitted 


To be submitted 


42 


Table 1.11.2 Maximum rated conductor temperature 


Maximum 
rated conductor 


temperature, °C 
Type of insulating compound . 


Short- 
circuit 


Normal 
operation 


Thermoplastic based upon: 


Vinyl acetate 70 150 
Elastomeric or thermosetting, based upon: 
Ethylene-propylene rubber or similar 


(EPM or EPDM) 


High modulus or hard grade ethylene 
propylene rubber 


Cross-linked polyethylene 


Ethylene-propylene rubber or similar 
(EPM or EPDM) halogen-free 


High modulus or hard grade halogen- 
free ethylene propylene rubber 


Halogen-free cross-linked polyethylene 


Cross-linked polyolefin material for 
halogen-free cables 


Halogen-free silicone rubber 


40.5 11.5 Construction 


Existing paragraphs 10.5.1 and 10.5.2 have been renumbered 
11.5.1 and 11.5.2. 


40-63 17.5.3 Where electric cables are required to be of 

a ‘fire resistant type’, they are in addition to be easily distin- 

guishable and comply with the performance requirements of 

the appropriate part of IEC 60331: Tests for electric cables 

under fire conditions — Circuit integrity, when tested with a 

minimum flame application time of 90 minutes, as follows: 
IEC 60331-1: Tests for electric cables under fire 
conditions — Circuit integrity — Part 1: Test method for fire 
with shock at a temperature of at least 830°C for cables 
of rated voltage up to and including 0,6/1,0 kV and with 
an overall diameter exceeding 20 mm; 

IEC 603831-21: Procedures and requirements — Cables 

of rated voltage up to and including 0,6/7,0 kV; 

IEC 60331-23: Procedures and requirements — Electric 

data cables; 

IEC 60331-25: Procedures and requirements — Optical 

fibre cables.-eF 


Existing paragraphs 10.5.4 to 10.5.9 have been renumbered 
11.5.4 to 11.5.9. 
40.6 11.6 Conductor size 


Existing paragraphs 10.6.1 and 10.6.2 have been renumbered 
11.6.1 and 11.6.2. 
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(Part only shown) 

40-6-3/17.6.3 The cable current ratings given in Tables 
4406-3 1.11.3 and +464 1.11.4 are based on the maximum 
rated conductor temperatures given in Table +402 1.11.2. 
When cable sizes are selected on the basis of precise evalu- 
ation of current rating based upon experimental and 
calculated data, details are to be submitted for consideration. 
Alternative short-circuit temperature limits, other than those 
given in Table +464 1.11.4, may be applied using the data 
provided in: 


Existing sub-Sections 10.7 to 10.18 have been renumbered 
11.7 to 11.18. 


EP rubber and crosslinked PE Silicon rubber or mineral 


2 core 3or4 single 2 core 3 or 4 single 2 core 3or4 
core 
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Table 1.11.3 


Nominal 


Electric cable current ratings, normal operation, based on ambient 45°C 


Continuous r.m.s. current rating, in amperes 


cross-section 
(mm?) 


Thermoplastic (70°C) 


Elastomeric (90°C) 


Elastomeric or thermosetting, based on 


silicone rubber (95°C) 


Single core 


2 core 3 or 4 core 


Single core 


2 core 3 or 4 core 


Single core 


2 core 


3 or 4 core 


Nominal 
cross section 


10 
12 
13 
15 
18 
a4 
26 
29 
35 
37 
44 
al 
62 
68 
83 
90 


8 
10 
11 
13 
15 
18 
22 
25 
30 
31 
37 
43 
53 
58 
70 


Fault current at 250°C duration 


15 
18 
21 
23 
28 
40 
37 
51 
49 
52 
62 
72 
88 
96 


13 
15 
18 
20 
24 
26 
32 
34 
42 
44 
53 
61 
75 
82 


11 
13 
14 
16 
19 
a4 
26 
28 
35 
36 
44 
50 
62 
67 
82 
89 


Fault current at 150°C duration 


17 
20 
23 
26 
31 
32 
39 
43 
52 
55 
66 
76 
94 


14 
17 
20 
202 
26 
27 
33 
37 
44 
47 
56 
65 
80 
87 


Fault current at 130° 


12 
14 
16 
18 
22 
22 
28 
30 
37 
39 
46 
53 
66 
71 
87 
95 


0,1 sec. 
kA 


1,0 sec. 0,5 sec. 


kA 


1,0 sec. 0,1 sec. 


kA 


0,5 sec. 


0,1 
0,2 


0,5 
0,7 


0,1 
0,2 
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Table 1.11.4 Electric cable current ratings, r.m.s. short-circuit current 


Nominal Fault current (kA) at 150°C Fault current (kA) at 250°C Fault current (kA) at 350°C 
cross-section 
(mm2) 1s 0,5s O,1s 1s 0,5s O,1s 1s 0,5s O,1s 
duration duration duration duration duration duration duration duration duration 


0,1 0,1 0,3 0,1 0,2 0,3 0,1 0,2 0,4 
0,1 0,2 0,3 0,1 0,2 0,5 0,2 0,2 0,5 
0,1 0,2 0,4 0,2 0,3 0,6 0,2 0,3 0,7 
0,2 0,2 0,5 0,2 0,3 0,7 0,3 0,4 0,8 
0,2 0,3 0,7 0,3 0,4 0,9 0,3 0,5 11 
0,3 0,4 0,9 0,4 0,5 11 0,4 0,6 1,4 
0,4 0,5 1,2 0,5 0,7 0,8 1,9 
0,4 0,6 1,4 0,6 0,8 1,8 0,7 1,0 2,2 
0,6 0,8 1,9 0,8 11 2,5 0,9 4:3 3,0 
0,7 0,9 2,1 0,9 1,2 15 3,2 
0,9 12 2,8 11 1,6 1,4 1,9 4,3 
1,5 3,5 1,4 2,0 1,7 2,4 5,4 
22 4,8 2,0 2,8 2.4 3.4 7.6 
2,5 5,5 a3 3,9 8,7 
3,4 7,6 3,1 45 3,8 5,3 11,9 
3,9 8,6 3,6 6,0 13,5 
4,6 4,3 5,1 ee 16,2 
5,4 5,0 8,5 18,9 
5,9 5,4 6,5 9,2 20,6 
Tt 72 8,6 12,1 27,4 
9,3 8,6 14,5 
10,8 ! 10,0 16,9 
12,3 11,4 19,4 
14,7 13,6 23,0 
15,4 ! 14,3 24,2 
18,5 17,2 29,0 
19,3 17,9 30,2 
26,0 21,5 36,3 
28,6 26,5 44,8 
30,9 28,6 48,4 
37,0 34,3 58,1 
46,3 42,9 72,6 


Correction factor for ambient air temperature of °C 
Insulation 


material 


PVC, 
Polyethylene 


EPR, XLPE 


Mineral, 
Silicon rubbe 


Table 1.11.5 Correction factors 


Correction factor for ambient air temperature of °C 
Insulation material 


Thermoplastic (70°C) 


Elastomeric or thermosetting (90°C) 


Elastomeric or thermosetting, based 
on silicone rubber (95°C) 
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Existing Table 1.10.6 has been renumbered Table 
Existing Table 1.10.7 has been renumbered Table 


Existing Table 1.10.8 has been renumbered Table 


Existing Table 1.10.9 has been renumbered Table 


Existing Sections 11 to 14 have been renumbered 12 to 15. 


fail Section +8 16 


Electric propulsion 
464 16.1 General 


Existing paragraphs 15.1.1 to 15.1.3 have been renumbered 
16.1.1 to 16.1.3. 


16.1.4 Propulsion motors, generators and converters are 
to be provided with means to prevent the accumulation of 
moisture and condensate when operating at low power levels, 
or when idle. 


16.2 System design and arrangement 

16.2.1 In general, for a ship to be assigned an unrestricted 
service notation, it is to have two independently driven 
propellers or other propulsion devices, each connected with 
at least one electric motor, where these form the sole means 
of propulsion. 


16.2.2 For vessels where a propulsion device driven by 
electric motors is proposed as the sole means of propulsion, 
at least two effective, independent electric propulsion motors 
are to be provided and the system is to be designed in accor- 
dance with Pt 1, Ch 5. The risk management process is to 
identify components where a failure could cause loss of 
propulsion power or other essential services and the 
proposed arrangements for preventing and mitigating the 
effects of such a failure. 


46.2 16.3 Power requirements 


Existing paragraphs 15.2.1 to 15.2.6 have been renumbered 
16.3.1 to 16.3.6. 


16.3.7 Where a central power generation system is 
employed, means are to be provided to connect available 
generator sets to meet the power requirement of the electric 
propulsion system. Arrangements are to be in place to 
prevent generator sets being automatically disconnected 
during ship manoeuvres. 


16.3.8 Where forced cooling is used on propulsion 
motors, it is to be possible to operate the motor at a defined 
reduced power level in the event of failure of the forced 
cooling. 
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16.3.9 Total harmonic distortion of the a.c. voltage 
waveform up to 10 per cent on electric propulsion circuits, 
not directly connected to the main source of electrical power, 
may be considered where details are submitted which 
demonstrate that the equipment and systems are capable of 
operating under such conditions. 


46.3 16.4 Propulsion control 


Existing paragraphs 15.3.1 to 15.3.5 have been renumbered 
16.4.1 to 16.4.5. 


46-3-6 16.4.6 Control statiers, alarm and safety systems 
for the propulsion system are to satisfy the requirements of 
Pt 9, Ch 1. 


Existing paragraphs 15.3.7 and 15.3.8 have been renum- 
bered 16.4.7 and 16.4.8. 


16.4.9 Means are to be provided to identify the cause of 
propulsion motor power limitation or automatic reduction (e.g. 
excessive load torque, cooling failure, high temperature, 
power availability). 


Existing paragraph 15.3.9 has been renumbered 16.4.10. 


16.4.11 Control systems are not to share hardware or data 
communication links with control, safety and alarm systems 
not associated with propulsion control, see a/so Pt 9, 
Ca 1.2314. 


46.4 16.5 Protection of propulsion system 


46-44 16.5.1 Provision is to be made for protection 
against severe overloads, and electrical faults likely to result in 
damage to plant. 


16.5.2 Propulsion motors are to be capable of withstanding, 
without damage, the thermal and mechanical effects of a 
short-circuit at the terminals. 


16.5.3 Propulsion converters are to be capable of with- 
standing, without damage, the thermal and mechanical 
effects of a short-circuit at the terminals or connection to a 
propulsion motor with a stalled or locked rotor. 


16.5.4 Electric motors of podded propulsion units, and/or 
propulsion motors having permanent magnet excitation, are 
to be provided with a protective device which, in the event of 
a short-circuit in the motor or in the cables between the motor 
and its circuit breaker, will instantaneously open the circuit- 
breaker and, in motors with electromagnetic excitation, 
de-excite the motor. Motors with permanent magnet main 
excitation are to be provided with means to prevent further 
damage as a result of continued rotation after disconnection 
(e.g., shaft brake). 


46-42 16.5.5 Safeguards for protecting propulsion 


equipment against damage resulting from earth faults are to 


} - Where the fault current flowing is liable to 
cause damage to the electrical equipment, there are to be 
arrangements for interrupting the current automatically. 


46-43 16.5.6 For the protection of electrical equipment 
and cables against overvoltages, means are to be provided 
for limiting the induced voltage when field windings and other 
inductive circuits are opened. Protective resistors and devices 
are to be sized to cater for the likely extreme operating 
conditions. 


16.5.7. An alarm is to be initiated when the excitation 
system of electric generators providing propulsion power is 
overloaded such that damage due to heating could occur in 
the generator or its cabling. 


4544 16.5.8 Where, on stopping or reversing the 
propeller, regenerated energy is produced by the propulsion 
motor, this is not to cause a dangerous increase of speed in 
the prime mover or a dangerous overvoltage condition on the 
supply system. Where a central power generation system is 
used, then the voltage and frequency fluctuations are not to 
exceed the limits given in 1.7. 


16.5.9 Dynamic braking resistors are to be suitably rated 
for their expected operation. 


16.5.10 Loss of flow of air or liquid cooling of propulsion 
converters, where used, is to initiate an alarm at an attended 
control position. Loss of flow of air or liquid cooling is not to 
result in immediate damage to the propulsion converter, see 
9.2.4. 


16.5.17 Alarms and safeguards for electric propulsion 


equipment are indicated in Table 1.16.1. 


Table 1.16.1 Electric propulsion equipment: Alarms 


and safeguards 


tem Alarm Note 


See 16.1.2 and 
16.3.9 


ectric propulsion equipment High 
entilation and cooling medium 
temperature 
Electric propulsion transformer High See 9.1.11 
inding temperature 

ectric propulsion genera Overload | See 16.5.6 
xcitation 
See 16.1.3 


Electric propulsion generators and | High 


Ss 
otors winding temperature 


ectric propulsion generator and High See 8.1.11 


motor lubricating oil temperature 


See 8.1.12 


Electric propulsion generator and Low 
motor lubricating oil supply 
pressure 


Power limitation Indication, see 
16.4.8 and 


16.4.9 
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45-5 16.6 Instruments 


46-6-+ 16.6.1 The main control station is to be provided 
with indicating instruments or other means of continuously 
monitoring the following: 

(a) a.c. systems 

(i) |The line current and excitation current of each 
generator, aad propulsion motor and propulsion 
transformer primary; and for each generator, the 
voltage, power and frequency. 

(ii) | The winding, bearings and cooling system temper- 
ature of each generator, propulsion transformer and 
propulsion motor. 

(b) d.c. systems 

(i) | The armature voltage and current for each genera- 
tor and propulsion motor and the current in each 
excitation circuit. 


46-62 16.6.2 Each control station is to be provided with 

instruments to indicate: 

(a) propeller speed; 

(b) direction of rotation for a fixed pitch propeller or pitch 
position for a controllable pitch propeller; 

c) visual indication of power limitations; and 

(d) the station in control. 


a Section +6 17 
Fire safety systems 


46417.1 Fire detection and alarm systems 


17.1.1. Fire detection and alarm systems are to be 
provided with at least two power supplies. One supply is to 
be connected to the main source of electrical power and 
another supply is to be connected to the emergency source of 
electrical power required by 3.2, or an accumulator battery 
capable of supplying power for the same period of time as the 
emergency source of electrical power. All power supply 
feeders for fire detection and alarm systems are to be in 
accordance with 11.6.4. 


17.1.2 Automatic changeover facilities in accordance with 
5.3.4 are to be located in, or adjacent to, the main fire control 
panel. Power supply changeover is to be achieved without 
adverse affect. Failure of any power supply is to operate an 
audible and visual alarm. See a/so 1.14 and 1.16. 


oll) Where an accumulator battery provides a power 
supply, on restoration of the main source of electrical power, 
the rating of the charge unit is to be sufficient to recharge the 
battery while maintaining the output supply to the fire detec- 
tion and alarm system. 
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17.1.4 Power supplies from the main and emergency 
switchboards are to be supplied by separate feeders that are 
reserved solely for this purpose. Where the emergency feeder 
for the electrical equipment used in the operation of the fixed 
fire detection and fire alarm system is supplied from the 
emergency switchboard, it is to be run from this switchboard 
to the automatic changeover switch without passing through 
any other switchboard. 


Existing paragraphs 16.1.2 to 16.1.15 have been renumbered 
17.1.5 to 17.1.18. 


Existing sub-Sections 16.2 to 16.5 have been renumbered 
17.2 to 17.5. 


46.6 17.6 Fire safety stops 


Existing paragraphs 16.6.1 to 16.6.3 have been renumbered 
17.6.1 to 17.6.3. 


46-64 17.6.4 Means of cutting off all electrical power to 
the galley except lighting circuits, in the event of a fire, are to 
be provided outside the galley exits, at positions which will 
not readily be rendered inaccessible by such a fire. 
Consideration may be given to relaxing this requirement for 
supplies to equipment not used for heating or cooking (e.g., 
alarm and clock systems) that do not present an electrical 
shock risk to fire-fighting personnel. 


Existing paragraphs 16.6.5 and 16.6.6 have been renum- 
bered 17.6.5 and 17.6.6. 


Existing sub-Sections 16.7 to 16.9 have been renumbered 
17.7 to 17.9. 


Existing Sections 17 to 19 have been renumbered 18 to 20. 


|_| Section 20 27 


Testing and trials 
Existing sub-Section 20.1 has been renumbered 21.1. 
Existing Table 1.20.1 has been renumbered Table 1.21.1. 


Existing Table 1.20.2 has been renumbered Table 1.21.2. 


20.2 21.2 Trials 


Existing paragraphs 20.2.1 to 20.2.3 have been renumbered 
21.2.1 to 21.2.3. 
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202-4 21.2.4 It is to be demonstrated that the Rules 

have been complied with in respect of: 

(a) satisfactory performance of each generator throughout a 

run at full rated load; 

temperature of joint, connections, circuit-breakers and 

fuses; 

the operation of engine governors, synchronising 

devices, overspeed trips, reverse-current, reverse-power 

and over-current trios and other safety devices; 

voltage regulation of every generator when full rated load 

is suddenly thrown off and when starting the largest 

motor connected to the system; 

voltage drop at the worst case condition; 

harmonic distortion of the voltage waveform, where 

declared; 

fe}(g) satisfactory parallel operation, and kW and KVA load 
sharing of all generators capable of being operated in 
parallel at all loads up to normal working load; 

#-(h)all essential and other important equipment are to be 

operated under service conditions, though not 

necessarily at full load or simultaneously, for a sufficient 

length of time to demonstrate that they are satisfactory; 

propulsion equipment is to be tested under working condi- 

tions and operated in the presence of the Surveyors and to 

their satisfaction. The equipment is to have sufficient power 

for going astern to secure proper control of the ship in all 

normal circumstances. The ability of the machinery to 

reverse the direction of thrust of the propeller in sufficient 

time, under normal manoeuvring conditions, and so bring 

the ship to rest from maximum ahead service speed, is to 

be demonstrated at the sea trial, see also Pt 1, 

Sh24634 Ch 2,17.3.7; 

operation of power management for electric propulsion. 


toi 


= 


(k) 


21.2.5 Measurements are to be taken as part of the trials 
specified in 21.2.4(c), (d), (e) and (f) to verify that the installation 
will provide a quality of power supply in accordance with the 
values listed in 1.7. 


2026 21.2.6 In addition to 21.2.5, Uatess unless it has 
been satisfactorily shown by the design verification and valida- 
tion process required by 1.8.5 that the power supply quality 
complies with the requirements of the defined standard, then 
compliance is to be demonstrated by measurements taken at 
the switchboards/section-boards used to supply sensitive mili- 
tary loads, see 1.8.1. 


Existing paragraphs 20.2.6 and 20.2.7 have been renumbered 
21.2.7 and 21.2.8. 


Existing sub-Sections 20.3 and 20.4 has been renumbered 
21.3 and 21.4. 


Existing Section 21 has been renumbered 22. 


Volume 2, Part 11, Chapters 1 & 2 


Volume 2, Part 11, Chapter 1 
Made and Fresh Water Systems 


Effective date 1 January 2012 


i | Section 2 
System construction and 
installation 

2.3 Piping and equipment — Selection and 
installation 

2.3.1 Pressurised tanks are to be in accordance with a 


recegnisec_anc-appreprate-cede the requirements of Pt 8, 


Ch 2 and satisfy the Naval Authority’s revalidation system for 


such items where applicable. 


Volume 2, Part 11, Chapter 2 
Heating, Ventilation and Cooling Arrangements 


Effective date 1 January 2011 


a Section 2 
Construction and installation 
2.1 Materials 
2.1.3 Where trunking is fitted in lengths and required to 


be joined together, joining arrangements are to be in accor- 
dance with the requirements of the trunk manufacturer. 


2432.1.4 Pipes, valves and fittings are in general to 
be made of steel, ductile cast iron, copper, copper alloy, or 
other approved ductile material suitable for the intended 
purpose. The use of plastics materials is also acceptable 
subject to the restrictions in Pt 7, Ch 1. 


2-4-4 2airo Where applicable, the materials are to 
comply with the requirements of Pt 7, Ch 1. 
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| Section 3 
System arrangements 

3.2 Magazines, stores and spaces containing 
flammable liquids and gases/vapours 

3.2.2 Systems serving compartments containing 


flammable stores (e.g. paint stores) or potentially explosive 
gases (including battery charging rooms, oxygen bottle stores 
and magazines) are to be fitted with flameproof gauzes and 
isolating valves in these branches. The systems serving such 
compartments are to be independent of those supplying other 
spaces. Fans supplying and extracting air to/from such 
compartments are to be spark resistant as a minimum, see 
Vol 2, Pt 7, Ch 4,3.3. Exhausts are to be led to atmosphere 
away from other outlets, i.e. fuel tank vents. 


Volume 3, Part 2, Chapter 3 & Part 3, Chapter 1 


Volume 3, Part 2, Chapter 3 
Provision Refrigeration 


CORRIGENDUM 


a Section 3 
Refrigerating machinery and 
refrigerant storage compartment 
arrangements 


3.4 Pressure test after installation on board ship 


3.4.3 Where pneumatic tests are prohibited by relevant 
authorities, the tests required by 3.3.1 and 3.3.2 may be 
omitted provided non-destructive examination has been 
carried out by an approved operator to the satisfaction of LR 
and in accordance with the requirements of Vol 2, Pt 1, GA384 
Ch 8,6. 


Volume 3, Part 3, Chapter 1 
General Requirements 


Effective date 1 January 2012 


|_| Section 7 
Scope 


1.4 Topics within this Part of the Rules 


1.4.8 Double Star Endorsements (xx). All Class 
Notations that are available in Chapters 2, 3 and 4 of this Part 
of the Rules will be eligible for a ‘Double Star’ endorsement 
where the arrangements on board are in accordance with 
stated NeternatAdministratien Naval Authority requirements 
and ANEP-77 NATO Naval Ship Code (NSC). This does not 
necessarily denote automatic endorsement by the Neterat 
Administration Naval Authority. 
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Section numbering in brackets reflects any Section 
renumbering necessitated by any of the Notices that update 


the current version of the Rules for Naval Ships. 


Volume 1, Part 4, Chapter 1 


2.2.4 Reference Pt 1, Ch 2,3.9.9 now reads 
Pt 1, Ch 2,3.9.7. 

6.1.1 Reference Pt 1, Ch 2,1.1.12 now reads 
Pt 1, Ch 2,1.1.13. 

6.8.1 Reference Pt 10, Ch 1,13 now reads 
Pt 10, Ch 1,14. 


Volume 1, Part 6, Chapter 4 


4.4.1 References 4.1.13 now read 4.1.8 
4.5.1 Reference 4.1.13 now reads 4.1.8 
4.6.1 Reference 4.1.13 now reads 4.1.8 


Volume 2, Part 1, Chapter 2 


3.3.16 Reference Vol 2, Pt 10, Ch 1, Section 20 
now reads Vol 2, Pt 10, Ch 1, Section 21. 

4.15.1 Reference Vol 2, Pt 9, Ch 1, Section 2.12 
now reads Vol 2, Pt 9, Ch 1, Section 
2.13. 

5.11.7 Reference Pt 10, Ch 1,16.9.1 now reads 


Pt 10, Ch 1,17.9.1. 


Volume 2, Part 2, Chapter 1 


2.1.6 (2.1.5) Reference 7.1 now reads 7.11. 
7.1.2 (7.11.2) Reference 7.1.1 now reads 7.11.1. 
7.2.1 (7.1.2) Reference 7.1 now reads 7.11. 
7.2.1 (7.1.2) Reference 7.3 now reads 7.12. 
7.2.5 (7.1.6) Reference 7.2.1 now reads 7.1.2. 
7.5.1 (7.14.1) Reference 7.3 now reads 7.12. 
7.5.4 (7.14.4) Reference 7.5.1 now reads 7.14.1. 
7.5.4 (7.14.4) Reference 7.5.3 now reads 7.14.3. 
7.6.4 (7.15.4) Reference 15.5 now reads 15.7. 
7.6.6 (7.15.6) Reference 7.6.2 now reads 7.15.2. 
7.6.6 (7.15.6) Reference 7.6.3 now reads 7.15.3. 
9.7.6 (9.7.7) Reference 7.5 now reads 7.14. 


Table 1.9. 1(a) 
11.5.4 (11.5.5) 


Reference 9.7.7 now reads 9.7.8 (twice). 
Reference 11.5.3 now reads 11.5.4. 
Reference 11.5.10 now reads 11.5.11. 
Reference 11.5.11 now reads 11.5.12. 
Reference 11.5.3 now reads 11.5.4. 
Reference 11.5.7 now reads 11.5.8. 
Reference Pt 10, Ch 1,9.3 now reads 
Pt 10, Ch 1,10.3. 

15.1.1 Reference 15.5 now reads 15.7. 

15.5.3 (18.7.3) | Reference 15.5.4 now reads 15.7.4. 
15.5.3 (15.7.8) | Reference 15.5.5 now reads 15.7.5. 


11.5.5 (11.5.6) 
11.5.8 (11.5.9) 
15.5.4 (15.7.4) 


Cross-references 


Volume 2, Part 4, Chapter 3 


7.2.1 Reference Pt 10, Ch 1,15.2.5 now reads 
Pt 10, Ch 1,16.3.5. 
7.4.1 Reference Pt 10, Ch 1,8.4.2 and 8.4.7 


now reads Pt 10, Ch 1,9.4.2 and 9.4.7. 
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7.1.8 Reference Pt 10, Ch 1,20.2 now reads 
Pt 10, Ch 1,21.2. 

6.7.2 Reference Pt 10, Ch 1,8.6.1 now reads 
Pt 10, Ch 1,9.6.1. 

8.1.5 Reference Pt 10, Ch 1,15.3.7 now reads 


Pt 10, Ch 1,16.4.7. 


8.1.6(b) Reference Pt 9, Ch 1,2.12 now reads 
Pt 9, Ch 1,2.18. 

8.1.7 Reference Pt 9, Ch 1,2.13 now reads 
Pt 9, Ch 1,2.14. 
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8.2.3 Reference Pt 2, Ch 1,7.4.4 now reads 
Pt 2, Ch 1,7.13.4. 
11.8.2 Reference Pt 10, Ch 1,20.2.3 now reads 


Pt 10, Ch 1,21.2.3. 


Volume 2, Part 7, Chapter 3 


3.3.2 Reference Pt 2, Ch 1,7.1 now reads 
Pt 2, Ch 1,7.11. 
Table 3.9.1 Reference 3.1.10 now reads 8.1.12. 


Reference 3.1.7 now reads 3.1.9. 
Reference 3.1.9 now reads 3.1.11. 
Reference 3.1.10 now reads 8.1.12. 


9.3.5 Reference Ch 8,3.1.7 now reads 
Ch 8,3.1.9. 
9.3.7 Reference Ch 3,3.1.8 now reads 
Ch 3,3.1.10. 
711.1.11 Reference Pt 10, Ch 1,8.6.1 now reads 


Pt 10, Ch 1,9.6.1. 

Reference Pt 10, Ch 1,9.1.10 and 9.1.11 
now reads Pt 10, Ch 1,10.1.10 and 
10.1.11. 

Reference Pt 10, Ch 1,9.2.4 to 9.2.7 now 
reads Pt 10, Ch 1,10.2.4 to 10.2.7. 
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2.1.5 Reference 2.5.1 now reads 2.6.1. 

2.2.1 (2.3.1) Reference 2.2.2 to 2.2.14 now reads 
2.3.2 to 2.3.14. 

2.4.2 (2.6.2) Reference 2.3.3 now reads 2.4.3. 


2.5.1 (2.6.1) Reference 2.3.2 now reads 2.4.2. 


Cross-references 


Volume 2, Part 8, Chapter 1 


18.2.7 


18.2.9 


Table 1.18.1 


Table 1.18.7 


Table 1.18.7 


Reference Pt 7, Ch 8,3.1.7 now reads 
Pt 7, Ch 3,3.1.9. 

Reference Pt 7, Ch 3,3.1.8 now reads 
Pt 7, Ch 3,3.1.10. 

Reference Pt 7, Ch 8,3.1.7 now reads 
Pt 7, Ch 3,3.1.9. 

Reference Pt 7, Ch 3,3.1.9 now reads 
Pt 7, Ch 3,3.1.11. 

Reference Pt 7, Ch 3,3.1.10 now reads 
Pt 7, Ch 3,3.1.12. 


Volume 2, Part 9, Chapter 1 


Las) 
1.2.3 
1.2.5 


1.2.9 (1.2.10) 


2.5.7 
2.8.6 


2.9.2 
2.9.3 
2.9.4 
2.10.1 
2.10.2 
2.10.5 
2.10.6 


2.10.9 
2.10.12 


2.11.8 (2.11.9) 
2.12.1 (2.13.1) 


2.13.1 (2.14.1) 


4.1.1 
5.1.2 
5.2.1 
5.2.3 


Reference 1.2.7 now reads 1.2.8. 
Reference 6.4.1 now reads 6.5.1. 
Reference 2.12.6 now reads 2.13.6. 
Reference 2.12.3 now reads 2.13.3. 
Reference 2.13.2 now reads 2.14.2. 
Reference 2.13.5 now reads 2.14.5. 
Reference Pt 10, Ch 1,10 now reads 
Pt 10, Ch 1,11. 
Reference 2.13.2 now reads 2.14.2. 
Reference Pt 10, Ch 1,16.1 now reads 
Pt 10, Ch 1,17.1. 
Reference Pt 10, Ch 1,16.3.4 now reads 
Pt 10, Ch 1,17.3.4. 
Reference Pt 10, Ch 1,16.3.12 now reads 
Pt 10, Ch 1,17.3.12. 
Reference Pt 10, Ch 1,16.3.5 now reads 
Pt 10, Ch 1,17.3.5. 

References 2.12 and 2.13 now reads 
2.13 and 2.14. 

Reference 2.13 now reads 2.14. 
Reference 2.12.3 now reads 2.13.3. 
Reference 2.12.2 and/or 2.12.8 now reads 
2.13.2 and/or 2.13.8. 

Reference 2.12.6 now reads 2.13.6. 
Reference 11.7 now reads 12.7. 
Reference Pt 10, Ch 1,10 now reads 

Pt 10, Ch 1,11. 

References 2.12.2 to 2.12.10 now reads 
2.13.2 to 2.13.10. 

References 2.13.2 to 2.18.7 now reads 
2.14.2 to 2.14.7. 

Reference 2.12 now reads 2.13. 
Reference 2.13.5 now reads 2.14.5. 
Reference 2.13 now reads 2.14. 
Reference 2.12.8 now reads 2.13.8. 
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1.2.1 


1.2.4 
1.2.6 

1.2.6 (1.2.7) 
1.2.9 (1.2.10) 
1.2.9 (1.2.10) 


Reference 1.2.15 now reads 1.2.16. 
Reference 1.2.16 to 1.2.21 now reads 
1.2.17 to 1.2.22. 

Reference 10.6.2 now reads 11.6.2. 
Reference 13.2 now reads 14.2. 
Reference 13.3 now reads 14.3. 
Reference 16.3.9 now reads 17.3.9. 
Reference 16.38.10 now reads 17.38.10. 
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1.2.12 (1.2.18) 
1.2.13 (1.2.14) 
1.2.14 (1.2.15) 
1.2.15 (1.2.16) 
136 

1.4.5 

1.4.5 

1.4.5 

1.4.6 

1.4.6 

1.4.6 

1.5.11 


1.8.5 
1.8.6 
137 
1.11.3(d) 
(IEF 
142.4 

1.14.3 

1.14.4 

1.16.1 (1.17.1) 


1.16.2 (1.17.2) 
1.16.3 (1.17.3) 


1.16.4 (1.17.4) 
1.17.1 (1.18.1) 
1.19.2 (1.20.2) 
2.2.1(a) 

3.3.1 


5.7.4 
5.7.6 
6.1.7 
6.9.3 
7.18.2 
8.1.2 (9.1.2) 
8.1.9 (9.1.9) 
8.2.1 (9.2.1) 
8.8.3 (9.8.3) 
9.1.1 (10.1.1) 


9.1.12 (10.1.13) 
9.2.1 (10.2.1) 


9.2.18 (10.2. 18) 
9.3.1 (10.3.1) 


9.3.8 (10.3.8) 
9.3.12 (10.3.12) 
10.1.1 (11.1.1) 
10.1.2 (11.1.2) 


10.1.4 (11.1.4) 


4 


1.5 now reads 12.5. 
Reference 11.7 now reads 12.7. 
Reference 10.8 now reads 11.8. 
Reference 10.8.10 now reads 11.8.10. 
Reference 10.1.3 now reads 11.1.8. 
Reference 11.5.9 now reads 12.5.9. 
Reference 11.3 now reads 12.3. 
Reference 11.4 now reads 12.4. 
Reference 14.5 now reads 15.5. 
Reference 14.5.5 now reads 15.5.5. 
Reference 14.5.6 now reads 15.5.6. 
Reference Pt 2, Ch 1,7.6 now reads 

Pt 2, Ch 1,7.15. 

Reference 8.4 now reads 9.4. 

Reference 8.4 now reads 9.4. 

Reference 20.2.5 now reads 21.2.5. 
Section 13 now reads Section 14. 
Reference 10.5 now reads 11.5. 
Reference 13.9.3 now reads 14.9.3. 
Reference 1.16 now reads 1.17. 
Reference 1.16 now reads 1.17. 
Reference 17.4.3 now reads 18.4.8. 
Reference 16.6 now reads 17.6. 
Reference 1.16.1 now reads 1.17.1. 
Reference 10.5.3 now reads 11.5.3. 
Reference 1.16.1 now reads 1.17.1. 
Reference 10.5.3 now reads 11.5.3. 
Reference 1.16.1 now reads 1.17.1. 
Section 19 now reads Section 20. 
Reference 1.19.1 now reads 1.20.1 
Reference 15.2.5 now reads 16.3.5. 
Reference Pt 2, Ch 1,7.6 now reads 

Pt 2, Ch 1,7.15. 

Section 17 now reads Section 18. 
Section 13 now reads Section 14. 
Reference 11.3.5 now reads 12.3.5. 
Reference 15.2 now reads 16.3. 

Section 20 now reads Section 21. 
Reference 8.8 now reads 9.8. 

Reference 15.1.3 now reads 16.1.3. 
Reference 8.3 now reads 9.3 (twice). 
Section 20 now reads Section 21. 
Reference 9.1.2 to 9.1.12 now reads 
10.1.2 to 10.1.18. 

Reference 9.1.9 now reads 10.1.9. 
Reference 9.2.2 to 9.2.17 now reads 
10.2.2 to 10.2.17. 

Reference 20.1 now reads 21.1. 
Reference 9.1 to 9.2 and Section 11 now 
reads 10.1 to 10.2 and Section 12. 
Reference 11.3.5 now reads 12.3.5. 
Reference 11.5.10 now reads 12.5.10. 
Reference 20.1 now reads 21.1. 
Reference 10.17 now reads 11.17. 
Reference 10.1 to 10.15 now reads 11.1 to 
11.15. 
Reference Table 1.10.1 now reads 
Table 1.11.1 
Reference 1 


Reference 


4 


4 


4 


4 


4 


0.1.2 now reads 11.1.2. 


10.2. 1(b) (11.2.1) Section 20 now reads Section 21. 


10.2.2 (11.2.2) 
10.4.3 (11.4.3) 


10.5.1 (11.5.1) 
10.5.2 (11.5.2) 


4 


Reference 10.1.2 now reads 11.1.2. 
Reference Table 1.10.2 now reads 
Table 1.11.2. 
Reference 10.1.2 now reads 11.1.2. 
Reference 10.8.10 now reads 11.8.10. 
Reference 10.5.1 now reads 11.5.1. 


10.5.5 (11.5.5) 
10.6.1 (11.6.1) 
10.6.5 (11.6.5) 
10.6.6 (11.6.6) 
10.7.1 (11.7.1) 


10.7.3 (11.7.3) 


10.8.2 (11.8.2) 


Reference 10.8.7 now reads 11.8.7. 
Reference 10.8.8 now reads 11.8.8. 
Reference 10.7 now reads 11.7. 

Reference 1.12.8 now reads 1.12.7. 
Reference 10.7.4 now reads 11.7.4. 


Reference 10.7.2 to 10.7.5 now reads 


11.7.2 to 11.7.5. 

Reference Table 1.10.3 now reads 
Table 1.11.3. 

Reference Table 1.10.5 now reads 
Table 1.11.5. 

Reference Table 1.10.6 now reads 
Table 1.11.6. 


10.8.17 (11.8.17) Reference 10.9 now reads 11.9. 

10.8.18 (11.8.18) Reference 10.10 now reads 11.10. 
10.8.19 (11.8.19) Reference 10.11 now reads 11.11. 
10.8.20 (11.8.20) Reference 10.12 now reads 11.12. 
10.8.21 (11.8.21) Reference 10.14 now reads 11.14. 


Reference 10.5.7 now reads 11.5.7. 


10.10.1 (11.10.1) Reference 10.8.4 now reads 11.8.4. 
10.10.3 (11.10.3) Reference Table 1.10.7 now reads 


Table 1.11.7. 


10.10.4 (11.10.4) Reference Table 1.10.7 now reads 


Table 1.11.7. 


10.12.3 (11.12.3) Reference 10.8.2 now reads 11.8.2. 
10.13.1 (11.13.1) Reference 10.8.14(b) now reads 


11.8.14(b). 


10.16.3 (11.16.3) Reference 10.5.3 now reads 11.5.3. 


10.17.1 (11.17.1) Reference 10.17.2 now reads 11.17.2. 


10.18.1 (11.18.1) Reference Table 1.10.8 now reads 


11.3.2 (12.3.2) 
11.3.4 (12.3.4) 


11.3.5 (12.3.5) 


11.3.9 (12.3.9) 
11.5.4 (12.5.4) 
11.5.5 (12.5.5) 


Table 1.11.8. 

Reference Table 1.10.9 now reads 
Table 1.11.9. 

Reference 11.3.1 now reads 12.3.1. 
Reference 11.3.1 now reads 12.3.1. 
Reference 11.3.2 now reads 12.3.2. 
Reference 11.3.3 now reads 12.3.3. 


Reference 11.5.10 now reads 12.5.10. 


Reference 11.6.5 now reads 12.6.5. 
Reference 11.6.4 now reads 12.6.4. 
Reference 11.3.1 now reads 12.3.1. 
Reference 11.5.9 now reads 12.5.9. 
Reference 11.3.2 now reads 12.3.2. 
Reference 11.3.3 now reads 12.3.3. 
Reference 11.3.5 now reads 12.3.5. 


11.5.10 (12.5.10) Reference 11.5.9 now reads 12.5.9. 


12.3.1 (13.3.1) 
12.4.1 (18.4.1) 
13.1.4 (14.1.4) 
13.1.5 (14.1.5) 
13.2.1 (14.2.1) 
13.2.2 (14.2.2) 


13.2.3 (14.2.3) 


13.3.1 (14.3.1) 
13.3.3 (14.3.3) 


13.3.4) (14.3.4(e)) Reference 13.2.4 now reads 14.2.4. 
Reference 13.2.5 now reads 14.2.5. 
Reference 13.2.6 now reads 14.2.6. 
13.5.5@) (14.5.5(a)) Reference 13.5.4 (a) & (b) now reads 


Reference Table 1.12.1 now reads 
Table 1.13.1. 

Reference Table 1.12.1 now reads 
Table 1.13.1. 

Reference 13.2 now reads 14.2. 
Reference 13.3 now reads 14.3. 
Section 11 now reads Section 12. 
Reference 13.2.4 now reads 14.2.4. 
Reference 13.2.5 now reads 14.2.5. 
Reference 13.2.6 now reads 14.2.6. 
Reference 13.5 now reads 14.5. 
Reference 13.2.4 now reads 14.2.4. 
Reference 13.2.5 now reads 14.2.5. 
Reference 13.5.3 now reads 14.5.3. 
Reference 13.5.3 now reads 14.5.3. 


14.5.4 (a) & (b). 


Cross-references 


13.5.5(b) (14.5.5(b)) Reference 13.5.4 (b) & (e) now reads 


14.5.4 (b) & (e). 


13.5.6(a) (14.5.6(a)) Reference 13.5.4 (d) now reads 14.5.4 (d). 
13.5.6(0) (14.5.6(b)) Reference 13.5.4 (a) now reads 14.5.4 (a). 
13.5.6(C) (14.5.6(c)) Reference 13.5.4 (b) & (e) now reads 


14.5.4 (b) & (e). 


13.5.6(Q) (14.5.6(d)) Reference 13.5.4 (b) & (e) now reads 


14.5.4 (b) & (e). 


13.5.6(Q) (14.5.6(d)) Reference 13.7 now reads 14.7. 
13.5.6(e) (14.5.6(e)) Reference 13.5.4 (b) now reads 14.5.4 (b). 
13.5.6() (14.5.6()) Reference 13.5.4 (e) & (f) now reads 


14.5.4 (e) & (ff. 


13.5.6) (14.5.6(g)) Reference 13.5.4 (a) now reads 14.5.4 (a). 
13.5.7(b) (14.5.7(b)) Reference 13.5.6 (d) to (h) now reads 


13.7.1 (14.7.1) 


14.5.6 (d) to (h). 

Reference 13.5.5 (b) now reads 14.5.5 (b). 
Reference 13.5.6 (e) & (j) now reads 14.5.6 
(e) & ()). 
Reference 13.5.7(d) now reads 14.5.7(d). 


13.5.7(c) (14.5.7(c)) Reference 13.6.4 (a) & (c) now reads 


13.9.3 (14.9.3) 
14.1.1 (15.1.1) 


14.1.6 (15.1.6) 
14.5.6 (15.5.6) 
14.5.7 (15.5.7) 
14.5.8 (15.5.8) 
14.5.8 (15.5.8) 
14.5.9 (15.5.9) 
15.1.3 (16.1.3) 
16.1.3 (17.1.6) 


16.3.5 (17.3.5) 


16.3.9 (17.3.9) 


14.5.6 (a) & (Cc). 

Section 10 now reads Section 11. 
Reference 14.1.2 to 14.1.7 now reads 
15.1.2 to 15.1.7. 

Reference 14.1.5 now reads 15.1.5. 
Reference 14.5.5 now reads 15.5.5. 
Reference 14.5.1 now reads 15.5.1. 
Reference 14.5.4 now reads 15.5.4. 
Reference 14.5.5 now reads 15.5.5. 
Reference 14.5.1 now reads 15.5.1. 
Reference 8.1.9 now reads 9.1.9. 
Reference 16.1.4 now reads 17.1.7. 
Reference 16.1.13 now reads 17.1.16. 
Reference 16.3.6 to 16.3.10 now reads 
17.3.6 to 17.3.10. 

Reference 16.3.8 now reads 17.3.8. 


16.3.9(a) (17.3.9(a)) Reference 16.3.6 now reads 17.3.6. 


Reference 16.3.7 now reads 17.3.7. 


16.3.10 (17.3.10) Reference 16.3.9 now reads 17.3.9. 
16.3.11 (17.3.11) Reference 16.3.12 to 16.3.14 now reads 


16.6.3 (17.6.3) 
16.6.5 

17.1.3 (18.1.3) 
17.2.6 (18.2.6) 
17.3.9 (18.3.9) 


17.3.12 to 17.38.14. 

Reference 16.6.2 now reads 17.6.2. 
Reference 10.5.3 now reads 11.5.3. 
Reference 17.4 now reads 18.4. 
Reference 20.2 now reads 21.2. 
Reference 17.2 now reads 18.2. 


17.3.11 (18.3.11) Reference 20.2 now reads 21.2. 


17.4.3 
18.2.2 (19.2.2) 
20.1.2 (21.1.2) 
20.1.4 (21.1.2) 
20.2.2 (21.2.2) 
20.2.1 (21.2.1) 


20.3.1 (21.3.1) 
20.3.3 (21.3.3) 


Reference 10.5.3 now reads 11.5.8. 
Reference 18.1 now reads 19.1. 
Reference Table 1.20.1 now reads 
Table 1.21.1. 

Reference Table 1.20.2 now reads 
Table 1.21.2. 

Reference Table 1.20.2 now reads 
Table 1.21.2. 

Reference 20.2.2 to 20.2.4 now reads 
21.2.2 to 21.2.4. 

Reference 20.2.2 now reads 21.2.2. 
Reference 20.2.2 now reads 21.2.2. 


Cross-references 


Volume 2, Part 11, Chapter 2 


1.2.5 Reference Pt 10, Ch 1,138.10 now reads 
Pt 10, Ch 1,14,10. 
1.2.8 Reference Pt 10, Ch 1,11.5 now reads 


Pt 10, Ch 1,12.5. 


Volume 3, Part 1, Chapter 1 


7.7.1 Reference Vol 1, Pt 1, Ch 2,3.9.14 now 
reads Vol 1, Pt 1, Ch 2,3.9.13. 

2.1.1 Reference Vol 1, Pt 8, Ch 2,3.9.14 now 
reads Vol 1, Pt 3, Ch 2,3.9.13. 

2.2.2 Reference Vol 1, Pt 8, Ch 2,3.9.14 now 
reads Vol 1, Pt 3, Ch 2,3.9.13. 

2.3.2 Reference Vol 1, Pt 8, Ch 2,3.9.14 now 
reads Vol 1, Pt 3, Ch 2,3.9.13. 

2.3.4 Reference Vol 1, Pt 3, Ch 2,3.9.14 now 
reads Vol 1, Pt 3, Ch 2,3.9.13. 

2.4.2 Reference Vol 1, Pt 8, Ch 2,3.9.14 now 
reads Vol 1, Pt 3, Ch 2,3.9.13. 

2.5.8 Reference Vol 1, Pt 8, Ch 2,3.9.14 now 
reads Vol 1, Pt 3, Ch 2,3.9.13. 

3.16.1 Reference Vol 2, Pt 2, Ch 1,7.1 to 7.5 now 
reads Vol 2, Pt 2, Ch 1,7.11, 7.1, 7.12, 
7.13 and 7.14. 


Volume 3, Part 1, Chapter 5 


(op iow as Reference Vol 2, Pt 10, Ch 1,13 now 
reads Vol 2, Pt 10, Ch 1,14. 


Volume 3, Part 2, Chapter 1 


2.4.1 Reference 17.3 now reads 18.3. 


Volume 3, Part 2, Chapter 3 


3.4.3 Reference Ch 3,7 now reads Ch 3,6. 
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